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INTRODUCTION 


To the best of my knowledge the first and also last 
study of mathematical astronomy of the Byzantine period 
consists in a short chapter of the Astronomia Philolaica 
by Bullialdus (Paris, 1645). Peripheral subjects have 
been treated more often; it may suffice to recall Honig- 
mann’s utilization’ of lists of “ famous cities,’ given 
customarily with astronomical tables, or A. Delatte’s 
publication of treatises on the astrolabe.*? There exists 
a very extensive literature on the Easter computus and 
several studies of elementary treatises, e.g. Heiberg’s 
publication of an anonymous “ Quadrivium.” * Nearest 
to Bullialdus’ work comes Usener’s De Stephano Alexan- 
drino (1888), in particular Stephanus’ treatise on Theon’s 
Handy Tables.‘ 

* Die sicben Klimata, Heidelberg, 1929. 

* Anecdota Atheniensia II, Paris, 1939. 

* Copenhagen, 1929. 

*Usener, KI. Schr. III, p. 295 to 319. Cf. also his excellent 
study “ Ad historiam astronomiae symbola” (1876) though here 
the emphasis lies on chronology and calendariography.—Tan- 
nery’s Sciences exactes chez les Byzantines (Mémoires Scien- 


With the scarcity of these attempts must be contrasted 
the enormous wealth of astronomical manuscripts which 
are scattered over the European libraries. Since it took, 
under the leadership of Boll and Cumont, about fifty 
years to complete the twelve volumes of the Catalogus 
Codicum Astrologorum Graecorum one cannot enter- 
tain under present conditions any hopes of accomplishing 
a similar survey for the astronomical tables and treatises. 
Needless to say, a critical edition of thousands of folios 
of astronomical works is out of the question. Further- 
more, even a survey would only be of value to the his- 
tory of astronomy if it would display the basic numerical 
material as well as the theoretical techniques used by 
the individual sources. This, however, would require a 
far deeper penetration into the contents of such texts, 
than was needed for the astrological material, particu- 
larly with Bouché-Leclercq’s superb work on Greek 
astrology at one’s disposal. 


tifiques IV, Paris, 1920) contains very little on mathematical 
astronomy. 
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The only way left open seems, therefore, to be the 
investigation in detail of some specific documents which 
at the outset promise to be of interest. To find such 
texts causes no difficulties. Heiberg in his Byzantinische 
Analecten® gave a short description of Cod. Vat. Gr. 
1058 containing among others “ein anonymes astrono- 
misches Werk in vielen Kapiteln” (beginning with a 
method for finding the solar longitude and a reference 
to Persian years) and another “ grdsseres astrono- 
misches Werk von Savrfapy —obviously meaning 
the Sanjari zij.6 However short, Heiberg’s excerpts 
contain several unknown terms‘ and I, therefore, de- 
cided to make an attempt to clarify at least the termi- 
nology of this section of the text.* I am grateful to the 
courtesy of the Biblioteca Apostolica Vaticana for per- 
mission to use a film of this codex and of related manu- 
scripts and to publish my findings. 

What follows is a simple list of technical terms, their 
meaning being determined by their usage in Cod. Vat. 
gr. 1058, fol. 261 to 459.° In the more involved cases, 
the appendices will furnish the proofs for my trans- 
lations from larger context. Many of the terms are 
translations or even loan words from Persian and Arabic. 
For these problems I had the help of my friend and 
colleague, Professor E. S. Kennedy, whose experience 
with a large body of Islamic treatises and tables (szijes)*° 
provided most useful information about many of the 
sources from which this class of Byzantine astronomical 
texts is derived. 

3eside treatises which were either direct translations 
of Persian works or which were at least greatly in- 
fluenced by Islamic sources, we find also the direct 
Greek tradition alive, e.g., in tables ultimately based on 
Ptolemy and Theon. In the middle of Vat. gr. 1058, 
we find even a short section '! of purely Greek origin. 
In manuscripts of this composite type each individual 
section poses problems of its own and I have made no 
attempt to solve them all, as would have been necessary 
for an edition of the text. The references usually give 
no more than one characteristic occurrence, sufficient to 
establish the technical meaning from the proper context. 
It was not my intention to give a complete glossary, but 
only to collect all terms whose meaning was not obvious 
from general Greek usage or from their occurrence in 
the Almagest. 

I have followed the manuscript rather closely and 

* Cf. the bibliography, p. 44. 

° Cf. Gildemeister in Usener, Kl. Schr. III, p. 340f. The 
author, who is quoted fol. 291" 13, is al-Khazini; cf. Kennedy, 
Survey, p. 129, No. 27 and p. 159 f. 

7 His “rod abénuepwvod tév ixdiwv,” however, is due to a mis- 
interpretation of the symbol for dorépwy as the sign for pisces. 

* For a general description and a table of contents cf. appendix 
17 (p. 31). 

® All folio references in the following concern Cod. Vat. gr. 
1058 if not stated otherwise. 

1° Cf. Kennedy, Survey. 

* fol. 316 to 320. 


adopted its disregard for subscript iotas, capitals in 
proper names, etc. Not being a philologist, I feel per- 
fectly at ease in the company of such defects. All that 
I can claim is a reasonably complete understanding of 
the subject matter of these treatises. On. this basis | 
hope that this study, however fragmentary, may be 
found helpful for subsequent investigations of mediaeval 
astronomy. 


NUMERICAL NOTATION 


The majority of numbers in astronomical tables are 
written in the system well known from the Almagest: 
integers, in particular degrees from 1 to 360, are written 
with the Greek alphabetic numerals displayed in table 1. 


TABLE 1 





Fractions, however, are always written sexagesimally, 
of course again using the Greek alphabetic numerals 
for the single sexagesimal digits from 1 to 59. We 
transcribe ** 





tT v0 KB a XS va, by 354;22,1,36,51. 


The letters are in many cases written in so close a 
sequence that the separation into decimal or sexagesimal 
digits is only possible on the basis of a proper under- 
standing of the context.1® An additional ambiguity is 
caused by the use of zodiacal signs beside degrees, often 
without any formal distinction whatever. For example “ 


Ss kux€ means 6% 20;40,27° 


as becomes evident only if one follows step by step the 
computation in which it occurs. 

The tables indicate, of course, the significance of all 
numbers by means of the heading of all columns, e.g. 


Lodva, potpar, AerTa a, SevtEpa 


for “signs, degrees, minutes, seconds.” Occasionally 
one finds also primes used for the consecutive fractions 
eg.» 

Bd 8 AL wa” wR” for 2° 14;14,37,11 rs 


12 fol. 293*,12. 

‘8 The number given above is obviously the length of the lunar 
year. 

14 fol. 261719. 

fol. 2a. 
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Beside the Greek alphabetic numerals, there also 
appear Hindu numerals ** in forms depicted in table 2, 
but used only for year numbers, never in computations. 


TABLE 2 





of our manuscript since one often finds on the margin 
or between the lines the equivalent in Greek numerals.?* 

A symbol for zero occurs, of course, both for Greek 
and for Hindu numerals.’* The Greek symbol is either 
the customary o or a sign which looks like y, practically 
indistinguishable from the Hindu numeral for 6 (cf. 


'°T avoid the misleading term “ Arabic numerals,” for Hindu 


‘ 


numerals. When I mention “ Arabic” numerals, I mean Arabic 
alphabetic numerals. 
7 fol. 392° or fol. 323°,8. 

‘S Contrary to popular belief, the use of a zero symbol in 
Greek astronomy precedes by centuries the beginning of Hindu 
astronomy. Its real origin is found in Babylonian astronomy. 
Cf., e.g., my Exact sciences in antiquity, 2nd ed., Providence, 
1957, index p. 240. 


Obviously these signs were not too familiar to the scribe 
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table 2). Again it is only the context which furnishes 
the proper reading, though one can be sure that in 
computations with Greek numerals only the reading 
zero is possible.'® Repeated zeros are written whenever 
required, e.g.*° 


uy xevd for O80 ae" 
or = 
3° 0 ;0,0°. 


y yyy for 


The form y undoubtedly comes from Arabic forms for 
zero,”” which, in turn, go back to Greek forms known 
to us from papyri. The Hindu form is simply o without 
a bar.*? In the writing of year numbers there often 
occur hybrid forms like we (for 450) or yxAo (for 630) .*4 


*® Heiberg, Byz. Anal., 163 read Bu as 20 which is, of course, 
impossible, since 20 in Greek numerals is never written as 2 
plus zero but only as «x. The correct reading is sexagesimal 
2,0 (=120). 

*° fol. 264¥,23. 

*? fol, 262°,14. 

“2 Cf. Rida A. K. Irani, Arabic numeral forms. Centaurus 
4: 1-12, 1955; also Neugebauer, Ex. Sci., p. 14. 

fol. 371*. 

*4 fol. 333", column 1,1 and col. 2,6. For examples cf. my 
paper on al-Kaid, Jour. Aimer. Orient. Soc. 77: 313, 1957. 










GLOSSARY OF TECHNICAL TERMS 


See also the Index verborum (p. 42) and the list of Arabic and Persian Technical Terms (p. 41) 


aidatre 
starter, corresponding to the ddérys of Hellenistic as- 
trology. The origin of the term aiAdrf seems to be 
unknown (cf. Biraini, Astrol. p. 323 n. 2). Our text 
says 70 aidarl car’ ivdovs.* Persian haylaj, Latin hyleg; 
cf. Nallino, Batt. II, p. 355. 


* fol. 312°,6. 
ak pov 

pole 
dvaBaows Tod ToOrov TOV dKpwv THs Gdaipas TOV Cwdiwv iyouv 
TOV Ukpwv THs KepKidos 8 is Kweita 7 odaipa* “ altitude 
of the place of the poles of the sphere of the zodiac or 
of the poles of the axis around which the sphere (of 
the zodiac) rotates.” 
dvdBaois Tod TOrov Tov akpwv THs KEpkidos * altitude of the 
pole (of the ecliptic). 

* fol. 299%,5 f. 

* fol. 299',10 f. 

GAAndAovyxia 

column of numbers in a table, e.g. eis tiv €’ dAAnAovyiayv * 
“in column 5.” 


* fol. 329',13. 
ava 
dvi aa %péepav * day by day. 
ava xx * in steps of 20 (years). 
ddatpotvra ava ot ov*® reduce modulo 210. 


* fol. 337°/338'; table for daily motions. 
* fol. 272',9 ff.: kar’ évayriov Trav xpovwy Tdv pwuaiwy Tov ava 
KK yivera eicédNevors eis TO Kavorioy TaY elkooaeTnpidwr. 


* fol. 278°,6. 
ava Baous 
dvdBaows Bopeia (resp. votia)’ increasing and to the 
north (resp. to the south) of the equator; in table of 
declinations. 


jpiov THs avaBdoews THs opaipas * ascending half of the 
sphere, i.e., semicircle of the ecliptic between upper and 
lower culmination, containing the ascendant. 

K'kAos THs dvaBdoews * altitude circle. 


dvdBaows Tot FS Kata TO pécov Tis Hpepas * OT dvdBaos JF *® 
or éoydrn avdBaois tod F © noon altitude of the sun. 
éaxdrn avdBaors eis Tov KUKAOV Tod pécov THs HEepas * meridian 
altitude (of a star). 


rereAcwpevn aviBaors ® or redcia dvaBaors ® complement of 
altitude, i.e., zenith distance. 


10 


avaBaows THs ipépas*? length of daylight, expressed in 


degrees or in hours. 
onpelov THS poipas THS avaBacews See appendix 14. 

avaBaois mpwrn = 60, avdBaows devtépa — 60? for the 
order of sexagesimal numbers ; e.g. in column headings : 
avaBaois B / avaBaors a ae 


Arabic terminology: “ first, second, . 


Snépat Nerrad. Corresp nding 


elevated.” !* 
see also popod. 


* fol. 4309. 

* fol. 311°,16 f.; 314°,12. 

* fol. 360": weiov cai EXarroy dd THs BYews els Tov KiKNov THs 
dvaBdaoews parallax in the altitude circle. 

* fol. 265",9. 

° fol. 4319. 


- 


® fol. 288',5. 


7 fol. 288",20 f. 
* fol. 299°,18. 
* fol. 360"; heading of first column. 
*° fol. 2659,7,10 
* fol. 371°, 372°. 
* CH. e.g., Luckey, Rechenkunst p. 41. 
avadopat 
see toros THs TXyns and appendix 4 | 


dvopados 
mA€ov Kai €XaTTov ToL dvepadov * increment of equation of 
Mercury. 
Aerta dvopadra* Or rA€ov EdatTov idiov*? parallax as func- 
tion of anomaly; cf. appendix 10. 


* fol. 418". 
* fol. 428” col. 8. 
* fol. 358" col: 12. 
am)os 
single 


dSaxtvAa add see SaxtvAos 


a7okaTaoTacts 

for lunar eclipses: 
Opa THs aroxatactacews * end of the total phase. 
TeAcia wpa Tis droxatactacews * end of the partial phase. 

for solar eclipses: 
4) TeAcia wpa Tis droKxatagtdcews THs éxAeiWews * end of the 
partial phase. 

* fol. 269°,27 f. 

* fol. 269731. 

* fol. 270°,27. 

areAns 


areés tYwpa tod jAcov motion of the solar apogee since 


GLOSSARY: 
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epoch, in the same time also motion of all planetary 
apogees ; equal to motion of precession. Cf. appendix 3 
and note 4 there. 

Scxrvdos ateAns linear digit of eclipse magnitudes; cf. 


daxtvAos. 


avOnpepivov 
true longitude of the sun, the moon, or of a planet. 


synonymous with érox7 : TEpl Tis EUlpegews TIS TOD J 
érox7s — ro e&eh\Oov éott TO avOnpepiwov TiS Entrovpevns 
jpepas TOU e* synonymous with TOTOS: o TOTOS THS « 


~4 > 2 ‘3 
yyouv TO at Onpepwvov. 


herria Tod aiOnpepwod* a coefficient of correction for 
anomaly in lunar eclipses; cf. appendix 15. 

‘Misread by Tannery as dv@nuepivov (Mém. sci. II, p. 318, 
as well as in original publication). 

* fol. 2617,1 and 12 respectively. 

fol. 300°,14. 

‘fol. 303',29; 303°,2 f.; 358", col. 11. 


BaOpos 


magnitude of fixed stars: oi peifoves dorépes péxpt Ka! TOV 
m 


puxpotépwv 5 Babpoi éréOnoav.' 
one sexagesimal order, i.e. 60 or 1/60: 


rap’ eva Babpov riéov Kparteita iyouv cvw * to raise a result 
by one sexagesimal place (i.e., multiply by 60); also 


o \ a 3 
map’ éva Babpov kparteirat.* 


map’ tva Babuov €Xatrov Kpateirac* to lower a result by 
one sexagesimal place (1.e., divide by 60) ;° also xpa- 
reitat €Aatrov évos Babuod © or éxpatyOyoav rap’ éva Babpov 
KaTO.* 

* fol. 317*,28 f. 

* fol. 290°,27 f. 


* fol. 290°,16,23. 

*also incorrectly used when multiplication by 60 is required, 
e.g., fol. 285",25 f. 

® fol. 287*,2 f. 

* fol. 285,11 f. 


BaOos see mrayvov 


, 
YEVLKOS 


yeuxa Aexrta* proportional parts, expressed in sexa- 
gesimal fractions, i.e., coefficients of interpolation; in 
particular the coefficients which modify the epicyclic 
equation for the moon and the planets at intermediate 
distances ; ? cf. appendix 2 and 3. 


Aerta yea mpora and Sevrepa* first and second type 
of coefficients of interpolation in lunar and planetary 
tables ; cf. appendix 6 and s.v. pEpLoLos. 


* fol. 340% to 358", column 6. 

*Almagest V,8: d:aegopa é€nxooreév (Heiberg I, p. 390) and 
XI,11: é&yxoord ddaipécews (Heib. IT, p. 436) respectively. 

* fol. 389r, 


aidarg — dcaxpivw 7 


ypappyn 
see evbeia ypappn. 


See€ matos peta Tis OpOys ypappis. 


yovia 
yovia Tov pyxovs * angle between the circle of altitude and 
the circle of latitude (for Jongitudinal parallax). 
yovia tod mAatrovs * angle between the circle of altitude 
and the ecliptic (for /atitudinal parallax). 
* fol. 299v,28 f. 
daxtvAos 
digit of eclipse magnitudes. 
SaxrvAo. Or SdxtvAa tis Stapétpov' or SaxrvAa amda? 
twelfths of diameter (of sun or moon). 


daxtvAo. tis émupaveias* Or SdaxrvAa téeAca* twelfths of 
area (of sun or moon); Almagest VI,8°: 
jAiov and ceAnvns respectively. 


OaKTvAot 


SaxtvAos ateAns linear digit of eclipse magnitudes; con- 


trast: daxrvAos réAevos area digit.® 


> 


see also xptyus daxridwv and dpOwors daxtidrwv. 

‘fol. 359° and 428" respectively (for lunar eclipses). 

* fol. 428° (for solar eclipses). 

* fol. 359°. 

* fol. 428V. 

* Heib. I, p. 522. 

“Cod. Laur. Plut. 28, cod. 14 (unpublished) fol. 33°, 9f.: 
€v TO Tepo.k® Saxrihwy Tedelwy pev 7 aredov 5é 7 ’. Similarly 
fol. 33",23 and 33,26. All three cases concern solar eclipses, 
according to Persian Tables (A.p. 1379 May 16; 1376 July 17; 
1386 Jan. 1 respectively). The author of the Greek treatise (fol. 
18 to 33) is perhaps Isaac Argyros, because the epoch of A.M. 
6876 (= A.p. 1367) Sept. 1, used fol. 18, is the same as in the 
Easter Tables of Isaac Argyros. Cf. Halma, Table pascale du 
moine Isaac Argyre, Paris 1825, p. 1 ff., p. 12 ff. and Heiberg, 
Byz. Anal. p. 171 (cod. Vat. gr. 1058, fol. 246 to 249). 


da. c. gen. Aap Bavew 


to take as function of 


aity 8a tis pécov 6500 AapBavopéevyn Kai tpootiGepevn adti 
adawpeira tis idias' “this is taken as function of the 
mean longitude and added to it, but subtracted from the 
anomaly.” 


* fol. 394°, marg.; for other examples cf. d:axpivw. 


diaxpivw 
to modify, to adjust. 


aitn 8a Tis pecov tapddov AapBavopévn Kai aith pev 
mpootienevn THs Se idias adatpoupevn éxatépay d.iaxpive * 
“this is to be taken as function of the mean longitude; 
added to it (the mean longitude) and subtracted from 
the anomaly respectively, makes each (longitude and 
anomaly ) adjusted.” 


Sia ts Staxexpipevov idias* “ as function of the adjusted 
anomaly.” 
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poipat idiov Siaxexpipévov * “ degrees of the adjusted ano- 
maly.” 
% péon Siaxexpipevn mapodos * “ the adjusted mean longi- 


tude” 4 péon SiaxpiOeioa® “the adjusted mean (longi- 
tude).” 


interchangeable with réAeos: 4 TeAcia péon 7jrow SiaKexpt- 
peévn Kivnots.® 

* fol. 416°, marg. 

* fol. 418", marg. 

* fol. 388”. 

* fol. 388°, marg. 

° fol. 409°, marg., 417°, marg. 

® fol. 262°, marg. 2; cf. also fol. 412%: wotpar wéoou redelas 500 
contrasted with fol. 413": wotpar wéoov d500 diaxexpimérns. 


, 
ducoracis 


dudotacis Tov doTépwv amd Tov KUKAOov Tod KaTa TOY Vvy- 
Oxpepov Kwovpevov' distance of stars from the equator ; 
for the definition of “ distance’ cf. appendix 13. 


* fol. 2867,10 f. 


éyyvs, €yyora 
approximately; particularly for rounded numbers— 
passim. 


pijKos éyyvTepov Se pHKos. 


> , > A , 
eloeAevols Els TA Kavovia 


entry in tables—passim. 


éxBoAn 
determination of any quantity, e.g. wept tis exBodArjs Tod 
avOnpepwod tod FS * “on the determination of the true 
longitude of the sun”; parallel: epi ris eipécews tis 
tov I éroyijs.” 
* fol. 2617,13 et passim. 
* fol. 261',1. 
exTAHPL 


increment: ro éxtApde row TO wAciov Kai EAAaTov* from 


Arabic ikhtilaf; cf. Nallino, Batt. II, p. 330. 
To éxtAjde pavdap iro. TO mA€ov Kal EXaTTov Tis dWews * 
parallax ; from ikhtilaf manzgar; cf. pavddp. 
Kavovia TOD exTAndt padadr 7To. Tov mapadAdkewv Tod wAEiovos 
kal éAdtrovos THs GWews * adjusted parallax, i.e., difference 
between lunar and solar parallax; cf. paddd. 

* fol. 262",29. 

* fol. 300°,1 f. 

* fol. 269°,20 f. 

éAAapyis See das 
évadXayn 

Kavoviov TOV wWpav Tod KWHpaTos THS péons THs évadAay7s * 
is a table which gives all multiples, from 1 to 60, of 
0 ;24,20,57,38°. This table is followed by a table for 


the zepicceia tis mepipopas Tod xpovov tod F * 1.e. the 


“excess of revolution” (cf. appendix 16) and then by 
a table ris péons 6806 tis évaAdayys.2 The latter table 
can be described as follows: we use as independent 
variable true solar positions, in steps of 1°, counted 
from the perigee P (A, in fig. 1) ; we tabulate against 





Fic. 1 


this variable the corresponding mean solar longitudes i 
counted from 0°. Then the increment of A has a 
maximum of 1;2,5° at the apogee (about 2° 27°) and 
a minimum of 0;57,55° at the perigee (about 8* 27°). 
In short we have here a kind of “inverse” table of 
anomaly and this reciprocity is probably expressed in 
the title. 

The parameter of the first table satisfies the relation 


24 :20,57,38 - 15 = 6,5 314,24,30. 


If the units on the right-hand side were days, one could 
interpret it as a value for the length of the tropical year. 
The text * gives as units of the left-hand side degrees; 
the independent variable is denoted as zepiacesa “ excess,” 
probably counted from 0;1 to 1. This term, as well as 
the fact that the subsequent table gives the “ excess of 
revolution,” suggests that also these tables are related 
to astrological concepts. 

* fol. 429° left. 

* fol. 429° right. 

* fol. 429°, 430°. 


to add—passim. 


évwots addition. 


‘fol. 295°,3: dao ris évwoews 7) adapécews. 


>. , 
ETOVOLA 
mcrease since epoch : eviaviowat (resp. penviatat ) €TTOVOLAL 


ovvodoravoeAnvakai * “* yearly (monthly ) increments for 


conjunctions and oppositions.” 

1 Cod. Laur. Plut. 28 cod. 14 fol. 22"; cf. Almag. VI, 2 p. 465,11 
Heib. and Pappus, Comm. p. 178,9. 
é70X7) 


longitude—passim ; cf. atOnpepwov. 
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éooas 
from Arabic hisas proportional part, coefficient; cf. 
Nallino, Batt. II p. 328. See also raxkaék. 
ésoa caat prot: fol. 423% omits the Greek equivalent, 
but Vat. gr. 185 fol. 21" gives pepiopoi rod pyxovs tév 


épov coefficients for the length of hours. The numbers 
o tabulated on fol. 423” are obtained by dividing 245 
by the length of daylight c which is expressed in equi- 
noctial hours. The extrema are o = 2;24 for c= 10 
and o = 1;42,51 for c= 14". The limits 10" and 145 
are the classical values for shortest and longest daylight 
in Alexandria. 
ETXaTOS 

écxatn avaBaows tod F * noon altitude of the sun. 
éoyaTn dvaBaow eis tov KixAov Tod péecov THs Hpepas * 
meridian altitude (of a star). 

1 fol. 288",5. 

* fol. 288",20 f. 

ev0eia ypappy 

used for sphaera recta. 
Toros Tis TUxns Tov Cwdiwy peTa THs EvOEias ypappijs * right 
ascension ; cf. romos. 


* fol. 284°,12,16; 286°,15 et passim. 


onde 
astronomical work, equivalent of ovvrags * from Arabic 
si). 


* fol. 261°,13: 7rd (Hee Tdd€ Aro H cbvTakis. 


Covupmpa 
the lunar mansion subra (@ and § Leonis).? 


‘fol. 333%, left, 8. Cf. Nallino, Scritti V, p. 178; Batt. II, 


p. 336. 
Covn 
i) TeAcia THS Hpéepas Covn iyouv 6 Kata TO vuyOjnpepov KiWoV- 
pévos K’kAos* the celestial equator. 
Lovn THS odaipas as equator of a sphere. 


"fol. 284",3 f. 
* fol. 318%,1 ff. 


plo 
jpucv THs avaBacews (xataBdoews) THs ohaipas See avaBacts 
(xataBaors ). 
GaBav 6 ddcEavdpynves Or GaBav7 
Theon of Alexandria, cited for tables of parallax.’ 


* fol. 3007.5 f. and 360°, 361°: épyov Tov baBar7. 


BepeAror 


Ta Oeperva Tov GOTEpwv €is THV apxnv Tov €rovs (dpa) Tov 
repoov' values at epoch, corresponding to radix in 


Western tables; cf. appendix 1. 


diakpivw — Kar 9 


Toros TOD BeveAdiov tod aotépos* geocentric position of a 
celestial body, excluding parallax (contrast: roos ris 
éYews). In computations an intermediary result is often 
called a OevéAvov i.e., a number on which further com- 
putations are based; e.g., if 8 is the distance from the 
boundary of a zodiacal sign of a planet at the nearest 
roontime before or after crossing it, then 8/24 is called 
the depérrov.® 
* fol. 376", 377°: xavénov Trav Oewediwy etc. 


* fol. 320°,10; also Vat. gr. 211, fol. 120°, upper figure. 
® fol. 266",4 f. 


6 , “2p té 7 , 
ewpla S€€ TOCov THS Gewpias 


LOLos 


iia Kivyois* or simply ‘Sov? motion in anomaly of the 
moon or the planets; equivalent: yaooa (or yarfa *) 
pavTar yrot idia Kivnos; * cf. xaood. 
tdvov téAcov > anomaly, counted from apparent apogee G 
of the epicycle; cf. appendix 2, fig. 4 and appendix 3, 
fig. 5. 
mréov EAatrov idiov® parallax as function of anomaly ; 
cf. appendix 10. Equivalent: Aerra dvopada.? 

* fol. 337°, 338°. 

* fol. 375V. 

* fol. 264',26. 

* fol. 263,28. 

* fol. 325',12 f. 

® fol. 358", col. 12. 

7 fol. 428°, col. 8. 

ivre€ 

from Arabic intiha’ end; cf. Birini, Astrol. § 517 


(Wright, p. 320). 


* fol. 315°,12: éxeivo rd (wdcov ivreé Kadeirar. 


Kalpos 
time, duration. 
Kavoviov TOD Kaipod THs éxAciWews THs C * table for the time 
from first contact and from beginning of totality to the 
middle of the eclipse. 


> 


®pa Tod katpod * half duration of totality. 


time degrees. 





vuxOnpepov = 360 Katpot 3 — 24 hours. 
passim for the moment under consideration. 

‘fol. 427"; for solar eclipses: fol. 428’. 

* fol. 269°,18,20. 

* fol. 285°,24 f. 

KLUT 

from Sanscrit ketu and Persian kaid; a fictitious comet 
in retrograde motion with a period of 144 years.’ 

1 fol. 365", 374". Cf. W. Hartner, Les Conférences du Palais 
de la Découverte, sér. D, No. 36, 1955; E. S. Kennedy, Jour. 


Near Eastern Studies 16: 44-51, 1957; O. Neugebauer, Jour. 
Amer. Orient. Soc. 77: 211-215, 1957. 
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KaTLoa 


intercalary years ;* from Arabic kabisa; cf., e.g., Biriini, 
Astrol. § 271. 


* passim, e.g. fol. 332", left lower table: total of days = 366. 


Cf. also Bullialdus, Astr. Philol., p. 213: Kama qro dicexror, 
and CCAG 1, p. 88,21 f. 


KataBaots 
ec ‘\ " a , ne - Jd 1 ] 9 P m 
0 Kaipos THS KaTaBacews TOD the moment of sunset. 
jpuov THs KataBdoews THs opaipas* descending half of the 
sphere, i.e. semicircle of the ecliptic from lower to upper 
culmination, containing the setting point. 
kataBaows Bopeta*® (resp. voria) decreasing and north 
(resp. south) of the equator. 


* fol. 307',1; table fol. 363" to be corrected by Vat. gr. 211 
fol. 153°. 

* fol. 314',29. 

* fol. 430. 


, 
kataBatov 


column, in particular for the column of 29 to 32 days 
in an ephemeris.* 


* fol. 328',4,8 f.: eis rov reXevTaiovy YHpov Tod KataBarod. Other- 
wise the most common expression for column is geNéd.ov. 
KeVTpov 
for the moon: 
elongation as well as double elongation from the sun 
(cf. appendix 2, 5, and 6). See also peraBaors. 
for the planets (cf. appendix 3 and figure 5): 


Kévtpov: K = A—Ag 1.e. distance, seen from the equant 
E, of the center C of the epicycle from the apogee A. 
Kévtpov TéeAeov: K=K—w, (0; = 6pJwos mpwrn) the 
distance of C from A, seen from O. 


also used like column (of numbers), e.g., xatevavtiov 





obv TOV 7 KB eis TO B” Kévtpov evpeOn Widos 5 KO* “ oppo- 
site to 8° 22° in the second column, one finds (in the 
third column) the number 6;29.” Actually this is only 
an abbreviated terminology “in the second column 
which is headed KeVTpoV. 


* fol. 329°,10,11 et passim in similar context. 


Kepkis 
axis; Se apxov. 
kepaAaiov 


ra € xepdAaa? the five sections from which a mean posi- 
tion of one of the celestial bodies is computed, namely : 
(1) groups of years (e.g. 25 Egyptian years, or 30 
Arabic years, etc.) (2) single years (3) months (4) 
single days (5) hours. 

* passim, e.g. Theon, Handy Tables, Halma I, p. 45,5 or p. 47; 
Usener, KI. Schr. III, p. 302,28 et passim. Heiberg, Ptolem. 
Opera II, p. CXCIII f.58" incorrectly rendered as rév € 
kAyuadtwv; same error Cod. Vatic. Gr. I, p. 255. 


kivnpa TOV wpov 
reciprocal value of the hourly increase of anomaly of a 
planet.’ 


* fol. 423", e.g. for Saturn 0;25,12,14,404/°, since the hourly 
increase of the anomaly amounts to 0;2,22,49 .. .° 


, 
KLVYOLS 


mean motion, in contrast to t8ev—passim. 


, 
KOUTOS : 


the lunar nodes: 4 © mAnoiov éoti tév Koprwv nyouv TOD 
avaBiBalovros 7) Tod KataBiBalovtos.” 

OTL pETOV TOV KOuTwY Kal TOY poipav THS C EAaTTOV bdeiAEL 
civat Tov 18 poipov * condition for lunar eclipse: that the 
distance between the nodes and the place of the moon 
be less than 12°. 


i) opatpa Tov Koprov THs C * the eclipse (contrast: capa 
petakAioews * for the inclined lunar orbit). 

* Sic, for xouBos knot. Spelling certain. 

* fol. 320°,31-321',1. 

* fol. 268",10 f. 

* Vat. ger. 211, fol. 120°, lower figure. 


Kovoovd 


solar eclipse: xovooth éyerat Kata répoas ijrow ExAenlis’ 
tis 8€ € yovoord Fro kpvyis* from Arabic kusif and 
khusif respectively [Kennedy]; cf. Nallino, Batt. IT, 
p. 352; Birtini, Astrol. § 255 ff. 


* fol. 269°,9 f. 


Kpvyts 
lunar eclipse; see xovaovd. 
kpvyis SaxtiAwv* eclipse magnitude, measured in linear 
digits.” 
* fol. 359°, tabulated as linear function of the latitude. 
“i.e. twelfths of the diameter (not of the area). 


‘ , 
KUKALK) TEpiodos 


under this heading fol. 375" gives a list of numbers 
which are obtainable from the corresponding list of daily 
motions by multiplication with a factor 6 (probably not 
to be interpreted as 6,0 since one then would expect 
reductions mod. 6,0). I do not know the reason for 
this terminology nor can I explain the purpose of the 
corresponding table. 


KUKAOs 
c A , 1 i bd 2 
O pukpos KUKAos ~ the epicycle. 

, 7 , ‘ > , > 4 A ” > ‘ 
KGVOVLaA TOV aELOVOS Kal éAatTovos aTvro THS owews €l1s TOV 
ktkAov THs dvaBdoews* table of parallax in the circle of 
altitude. 


, A > , a , , A > , ia 
KUKAOs TS opbu GEWS TIS 7PE pas 3 or xvKAos THS 6pOncews 


or xtxAos tis qpépas ® the celestial equator. 
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4 . & , > a 4 , 
reAevos KUKAOS TIS ypepas © or 7 reA€ia THS Hpéepas Covn 
yyouv & Kata TO vuxOnyepov Kwovpevos Kixdos* the celestial 
equator. 


K’kAos TOD pegov Tis Hpéepas ® meridian. 


, ~ , 22 , — , - , 
KUKAOS THS KLVIJOEWS SEE 7wAGTOS TOU KUKAOV THS KLVIJOEWS. 


1 fol. 301",4: 368", col. Y- 
* fol. 360°. 

* fol. 286°,26. 

‘ fol. 286",14. 

® fol. 286°,24. 

® fol, 285',3. 

7 fol. 284',3 f. 

* fol. 284",15 f.; 286',22. 





Aerra 
minutes, or higher sexagesimal fractions; in particular 
Aerra devTeEpa. 
seconds—passim. Also used in the singular, e.g., evpéOn 
a Ky) v 6 Ky fwd. pot. Aerrov * = 11 28 :50,9,23°. 
herra avepada see avopados. 
Aerra Yevika. TpoTa and dev'tepa See yevika Aerra and 
PEpLo LOS. 
Aerta TOU avOnpepivod * a coefficient of correction for 
anomaly in lunar eclipses; cf. appendix 15. 
Aerri dveopada * or zA€ov EXatrov idiov * parallax as func- 
tion of anomaly; cf. appendix 10. 


‘ , ‘ 
Aerta ohaipas See odaipa. 


1 fol. 261°,22; similar 23. 
* fol. 303,29; 303°,2 f.: 358, col. 11. 
3 fol. 428", col. 8. 


* fol. 358°, col. 12. 


Aoyifopat 
for rounding of numbers, e.g.: xai éyévovro 8 vO nro « 
tov vO ty Aoyab€vtwv * i.e., 4;59 = 5. I owe this reading 
to a discussion with Dr. G. Stamires. 


‘fol. 329°,20. Cf. fol. 263°,10: rap Ac’ ws a’ NoyiobevTwr. 


padar 
equated; from Arabic mu‘addal | Kennedy]. 
Kavovia TOD éextAnde padad 7ToL TOV TapadAcEEewv TOD aA€lovos 
kat €AXaTTovos THS OWEws : adjusted parallar, i.e. difference 
between lunar and solar parallax. 
éxcivo Wibos éote Tod paddd” “ this is the value of the 
adjusted parallax.” 
cf. also xaoo0a pavraX. 
* fol. 269",20 £. 
* fol. 360",29. 
paKxon 
corrected ; from Arabic magiim [Kennedy] ; cf. Nallino, 
satt. II, p. 350. 


GLOSSARY: 


KaTigd. — wecos 11 
mAaTos €oTt TOU pakom 1]TOL orepeov * final latitude, i.e. cor- 
rected for parallax. 
* fol. 269°,29. 
pavddp 
vision, from Arabic manzgar. Latin elmandhar ; cf. Suter, 
Khw., Tab. 77 and p. 244. 


TO éxtAnde pavdap Tro. TO mA€ov Kai EAaTTov THs OWews * 
parallax ; from ikhtilaf manzar ; cf. Birtini, Astrol. § 263 ; 
Nallino, Batt. II, p. 330; Suter, Khw., p. 243 s.v. ihtilef. 


. fol. 300", 1 f. 
parade 


TO patadre tis Siapetpov tod FS * rising time of the point 
opposite the sun; from Arabic matdla‘; cf. Nallino, 
satt. II, p. 342. 


* fol. 369°,8. 
pepiCw 
divide See THpew. 
[LEpLO LOS 


coefficient of interpolation for intermediary positions 
of the lunar epicycle; cf. appendix 6 and fig. 9c. In 
particular 


. ‘ : 
Aerta tpoTa Tod pepiopod * = C,(K) 

‘ , z P 
Aerra Sevtepa tov pepropod ’ = Co(K). 


Note that here zpéra and Se’repa do not concern dif- 
ferent sexagesimal orders but case distinctions; cf. also 
yevixa Aerra. 

pepiopos tov Aexrov * coefficient of interpolation of plane- 
tary latitudes (Almagest XIII,5: éyxoora); cf. also 
TAKKGEK. 

peptopol TOD pHkoVs TOV wWpav SCC éood GaaT por. 


* fol. 384". 


* fol. 392", 398’. 
pépos 


pepn THS pe pas fractions of a day of the excess of one 
tropical year over 365 days. In the Maliki calendar this 
excess is 53/220 of one day (—0;14,27,16, .. .4). 
The table fol. 332" gives only the multiples of 53 (mod. 
220) for single years, for multiples of 10 years and of 
100 years. Cf. also appendix 16. 


peoos 


pean Kivnots mean motion; also mean longitude, counted 
either from the vernal point (cf. appendix 1) or from 
the apogee (cf. appendix 5). 


, ~ ° | c , ~ = 4 ~ 
péaos Wados difference, e.g. 6 péaos trav Ay Kai pa WHdos 
a > , . ‘ ~ , a , , , ” 
os 7v 4 * OF peta TOD pecov tév B Kavoviwy WHpov iyouv 


° 


a , 
TS TEpLooeas. 


piKos péecov tis Cytovpevns moAEws Kal Tod paxxa * distance 
between the city in question and Mecca. 
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pécov Tod LwdiaKxod KvKAov Kai THs TeAcias THs Huepas Lwvns * 
distance between ecliptic and equator. 

1 fol. 263°,30; similar fol. 263',8. 

* fol. 269",12. 

* fol. 290°,24 f. 

* fol. 284°,2 f. 


peta Baars 


used in the ordinary sense of motion: ore yap mA€ov tov 
te’ poipav Kat y’ AertGv TpoxwpEi 7) ToLa’TyH peTaBaors, ovTE 
éXatTov Tav ta’ poipev Kal da Aerrov? “ the progress (of 
the moon) is never greater than 15;3° and never less 
than 11 ;31° (per day).” 


petdBaois 9 cis piav ipepay” resp. eis piav wpav* daily 
velocity resp. hourly velocity of the sun. 


petradBaors rhs © * daily velocity of the moon. 
peraBaors tredeia * elongation of the moon from the sun, 


interchangeable with xévrpov (cf. appendix 5) ; also for 
double elongation.® 


1 fol. 329°,3-5. 

* fol. 358V. 

* fol. 362”. 

* fol. 270',11. 

5 fol. 327°,22; fol. 328°,29 et passim. 


petaxALots 


declination, in particular of the sun. 


perakAos rpworn* first declination = declination 8 in the 
modern sense (8, in fig. 2). 


Sei. 





Equ. regs 


Fic. 2 





petixArors Sevrepa * second declination = arc of latitudinal 
circle between ecliptic and equator (8 in fig. 2 and 
appendix 13). 

CK THS TMpOTHS peTaKAivews ” = tan 4. 

odaipa ris petakAioews® inclined (lunar) orbit. 

peydAn peraxArors * obliquity of the ecliptic, also perdxAors 
OAn.” 


* tabulated fol. 366" and 430”. 

? fol. 431°. 

* Vat. gr. 211 fol. 120°, lower figure. 

* fol. 284°,2 ff.: 9 mweyaddn pwetaxdors pécov é€oTt Tov (wdiaxod 


KUKNov Kal THs Terelas THs ucpas Lwyns Hyour Tov Kara Td 
vuxOnuepov Kivoupévou KUKXov. 
° fol. 301°,24. 
pnKos 


distance, in particular the distance of a star from the 
equator, used parallel to dicracis tév dotépwv ard Tod 
For the definition of this 


, , 7 , 
teAciov K’kAov THs tpepas.* 


ce 


distance” cf. appendix 13. 
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pykiotov paxos? greatest distance of the moon from the 
earth, i.e. at syzygies and in the apogee of the epicycle. 


interval of time: rd phKos mpd Tod pécov Tis pépas Kal 
peta TO péoov tis Hpepas® the tune interval before or 
after noon. 


pijKos THs Hpas * OF Gpa Tod pyKovs® time difference from 
nearest noon, measured in hours, to reach the exact 
moment of conjunction or opposition at eclipses; cf. 
appendix 9. 


pa tod pyKovs © time difference between noon and the 
entry of the moon, or of the sun, or a planet, into a 


zodiacal sign. 


@pa Tod pykovs THs Hpepas and Spar pyKovs THs Hpeépas * 


longest daylight. 
. difference of oblique ascen- 
sion of sun and moon; cf. appendix 4. 


7 , ~ ‘ ~ 
piKos pécov Tod FS Kai tis © 


longitude of a celestial body, i.e. geocentric longitude 
measured in the ecliptic, eastward from the vernal 
equinox.” 


geographical longitude, counted dé ris axpas Oadaoons 
10 “from the outermost western sea.” The 
Sanjari tables are said ** to be computed for a longitude 
of 90° but no specific city is mentioned. The version 
of these tables by Shams ad-Din of Buchara requires a 
transformation to 87° east, i.e., to the meridian of 
Buchara.’* The tables of the ovvraéis dda (277 al-‘Ala’7) 
are based on the meridian of 84° east.1* A longitude 
of 82° is given to Daras.'* The “ Persian Tables” of 
Bullialdus and Usener are computed for the meridian 
of T:iBnvn 72° east.° Constantinople is placed at 49 ;50° 
east.*® 


ae 
tis Sicews 


for the moon: 


excess of the second lunar equation over the 
simple equation for extreme distances. 


pos ** 


pikos éyy’tepov **® excess of the second lunar equation 
over the simple equation for intermediate positions of 
the epicycle; cf. appendix 2. 


9 


paKos 7To Kévtpov *® elongation of the mean moon from 


the mean sun. 

for the planets: 
7° decrease of the epicyclic equation 
due to the removal of the epicycle from mean distance 
to maximum distance; also called zéppw pijxos.”! 


- , 
[KOS €TLLNKEOTEpOV 


PnKOS OXAOETLLNKETTEPOV *2 mecrease of the epicyclic equation 
due to the removal of the epicycle from mean distance 
to minimum distance. 


_ 


* fol. 285',2 ff.: similar fol. 284*,7 f. 
* fol. 360" to 361°. 

* fol. 303¥,28 f. 

* fol. 268°,27 ; 270°,13 f. 

® fol. 3007.21 f. 

® fol. 265°,25; 266",8. 


* fol. 360", 361", and 361° respectively. 
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8 fol. 331,20. 

® passim. 

1 fol. 323°,30 f. 

11 fol. 324°,3. 

12 fol. 323",30. According to the list of famous cities, fol. 338" 
(col. 111,21) Buchara has the longitude 86;50° and the latitude 
39 ;0'. 

13 fo], 2617.14: fol. 375"; 379%: 384”, etc. 

14 fol. 272" 2 


1° ,oe. 


15 Usener, Kl. Schr. III, p. 371; cf. also p. 342s). Also Vat. 
er. 1058, fol. 130°,5; 150° ff.; CCAG 5,3 p. 146, 8f. 
fol. 261°,16 f., 338", column I[,9. 

‘7 Tabulated fol. 340% to 343", column 6. 

18 fol. 325*,28. 
p. 390). 

© fol, 382°, 384", explanatory notes to the headings of the 
tables; also fol. 262',9 etc. 

"fol. 343” to column _ 5. 
dpaipeoews (Heiberg II, p. 436, col. 5). 

*1 fol. 326',3. 

2 fol. 343” to 358", column 7. Almagest XI,11: dsapopa mpoo- 
bécews (Heiberg II, p. 436, col. 7). 


Almagest V,8: émextxAcu dcadopa (Heiberg I, 


358°, Almagest XI,11: dcapopa 


plypa see povdpovr 
plyvupe 
to add 
AapBdverac a OpOwors Kal piyvutar pev adti TH peo 
adapeitat 8€ Tod idiov > k = k + o, and a = 4a —»;, in the 
notation of appendix 7. 
* fol. 262", marg. line 1. 
puukpos 
the epicycle. 
‘fol. 301°,4; 368", col. 3. 


. ‘ , 1 
O puKkpos KUKAOS 


a / _ , 
potpa mAatouvs see mAatos 


povn 
povat ths © * lunar mansions. 


text; 280°,16 ff. 


‘table: fol. 333° . 


poppov 
ard tov avaBdoewv 0 A€yeTar KaTa TEepoas popdod * steps of 
60 (Arabic) years in computing precession ; from Ara- 
bic marfii* elevated (for powers of 60); cf. Nallino, 
Batt. II, p. 335 or Luckey, Rechenkunst p. 41. 

* fol. 2867,6. 

povopot'm 
povdpovr TOL ptypa * product ; cf. appendix 3. From 
Arabic madriib [Kennedy]. 


* fol. 3267.5 f.: also 262°,24. 


> 


, ‘ , 
prot SC éoou oaaT prot 


a1 
pulaoty 


from peyiorn (ovvragis), i.e. the Almagest. Cf. Usener, 
Kl. Schr. III, p. 339. 


* fol. 363°. 


GLOSSARY : 


péoos - dpOwors 13 


vaxilaK 

a concordance of Persian 
and other months; the Persian original seems to be 
unknown. 


, ‘ ‘ 
KQGVOVLOV vaxilak KaTa mepaas * 


* fol. 276Y. 
P 
vTaTiA 


correction, Latin equatio. From Arabic ta‘dil; cf. Nal- 


lino, Batt. II, p. 344. 


VTAaTiA oaut poer TOL THS bpbocews TOV Mpeov aro THS oWews : 
correction of the time of true conjunction (counted 
from noon) for longitudinal parallax; cf. appendix 9. 
From ta‘dil-i sd‘at-i rii‘ya | Kennedy]. 

‘fol. 269°,16; Table: fol. 425°. 


270',5. 


vuxOnpepov , 


y TeAcia THS Hpepas Covn yyouv 6 Kata TO 
' the equator. 


vuxOnpepov Kiwov- 

pevos KUKAOS 
* fol. 284",3 f. 

000s 

i) péon 080s * mean longitude. 


‘fol. 394": arn ba THs pécov 6500 NauBavouérn “this is taken 
as function of the mean longitude”; cf. also mdpodos. 


” 
OLKH LG 


‘ 


ra 1B" oixnpata' the 12 loci, counted in the sense of in- 
‘reasing longitude, beginning with locus 1 = ascendant. 
hus locus 7 = setting point, locus 10 = culminating 
point. 
* fol. 289,19. 
opOos 
6p6y wpa ' equinoctial hour. 
pn 6pOy &pa * seasonal hour. 
* fol. 286",4. 
? fol. 286",7. 
OpOwpa 
correction, interchangeable with dpOwoars. 


UTO THY Wndndbopiay tod arepeod dpOHpatos toi J * * under 


the number of the final correction for the sun.” 
* fol. 261°,5 f. 
OpOwors 

correction, corresponding to ta‘dil or equatio. 

for the sun: 
equation of center ;  * however, OTEpEd 6pOwors (s.v. 
OTEpEOS FE 

for the moon: 
¥ , om Keants r ——. r 
6pwors mpwryn * correction for apogee of eccenter. Almag. 
V8: €KKEVT pov rpoabadaipeces amroyeiov ( Heib. I, p- 390, 


col. 3). 


6pOwars Seirepa * simple equation, for epicycle at maxi- 
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mum distance. Almag. 1V,10: zpocOadaipéces (Heib. I, 
p. 337, col. 3) or V,8: rAdrous Kai pijKovs rpocbadaipécets 
émxixAov (Heib. I, p. 390, col. 4). 


bpOwors orépea * final equation ; cf. appendix 2 
for eclipses and parallax : 


bpOwors oxidcparos * coefficient indicating the increase in 
the diameter of the earth’s shadow when the sun moves 
from the apogee to the perigee; min.—0O, max. = 


0 ;1,40. 


6pOwors SaxtvAwv ® correction of eclipse magnitudes, and 
ép0wors opov® correction of duration, due to the motion 
of the moon from the apogee of the epicycle toward the 
perigee. 

bpOwars Tod mAEiovos Kai éAatrovos THs C ® increase of the 
lunar parallax for syzygies and for the perigee of the 
epicycle. Almag. V,18: cedjvns Sevtépov pov Sdiadhopa 
(Heib. I, p. 442, col. 4). 


bpOwors Tov wpov ard THs GYews* correction for longi- 
tudinal parallax of the time of conjunction, counted 
from noon. Cf. vratiA caat poér and appendix 9. 


for the planets: 


épOwors porn ® correction of mean distance of the center 
of the epicycle from the apogee, if seen from O instead 
of from the equant. This combines the columns 3 and 4 


in Almag. XI,11 (Heib. II, p. 436 ff.). 


bpOwors Se’tepa® epicycle equation assuming mean dis- 
tance of the epicycle; Almag. XI,11: dvwpadias zpoo- 
Oadaipéecets ( Heib. rH, p- 436 ff.). 


ép9wors orepéa *° final equation; cf. appendix 3. 


épOwots wAdtovs * third component in the computation 
of latitudes of Venus and Mercury; cf. appendix 8. 


dpOwois Tov ipepov** equation of time, normed to be 
always subtractive:  dpOwors rips tjpépas Tewpdxiov (sic) 


A ” 


~ ‘ , 4 ~ 2 
€oti Tis Wpas* TOUTO TO TEeupayLov dei adatpeirat.** 


6pOwors Tov jpepov'* (Or THs Hépas*’) ascensional dif- 
ference, i.e., increment of half of the length of daylight 
(measured in degrees) over 90°. Cf. appendix 12. 


, . , ; , as 4 , ' 
KkXos Tis 6pOwcews *° OF K’KAOs THs OpAxcEws THs Hpépas ' 


celestial equator. 


dpOwors THS TEpicoeias Tov xpovwv**® correction for the 
excess of the years (corresponding to the Arabic fadl 
al-dawr excess of revolutions [Kennedy] ), i.e., excess, 
measured in degrees, of the tropical year over 365 days; 
cf. appendix 16. 


6pOwors TOO Gnpetov See appendix 14. 


* tabulated fol. 340" to 342”, col. 3. 
* tabulated fol. 340% to 342’, col. 5. 
* fol. 325',29 f. 

* fol. 358¥, col. 6. 

® fol. 359°, col. 3 and 7 respectively. 
° fol. 360°, col. 4. 

7 fol. 269°,16; 270°,5; 425", col. 3. 
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® tabulated fol. 343% to 358", col. 3. 
® tabulated fol. 343” to 358", col. 6. 
1° fol. 326",9. 

2 fol. 422”. 

2 tabulated fol. 339°. 

18 fol. 339F,1. 

*4 fol. 366" and 373V. 

45 fol. 285°,27. 

76 fol. 286°,14. 

17 fol. 286°,26. 

8 fol. 367", left. 


ois 
TOTS Tis OWEews TOD daTépos + apparent position of a celes- 
tial body, i.e. including parallax (contrast: rtozos roi 
Bepediov ). 


mAéov Kai EXaTTov dWews SCE Tréov. 
* fol. 320°,9. 
TapajLov7) 

1494 Persian years of 365 days each, i.e., the years of 
the era Yezdegerd, corresponding to 1493 solar years. 
Thus it takes 1494 Persian years until the beginning 
of a Persian month coincides again with the entry of 
the sun into Aries. The month which is in this position 
is called rapapovy.? Since 1494/12 = 124% it takes alter- 
natingly 124 and 125 years for a Persian month to be 
the first month of the solar year. 


1 fol. 276',10. 
* fol. 276,23 f.; tabulated fol. 276°: uAves rs mapapmorys. 


7d, podos 


pean mapodos* mean longitude. 


} péon Siaxexpipéevyn mapodos* the adjusted mean longi- 
tude; cf. appendix 7. 


idta mapodos * anomaly. 


* fol. 416", marg.: airn da rhs wéoov rapddov NauBavouern “ this 
is taken as function of the mean longitude.” 

* fol. 388", marg. 

* fol. 396", marg. 


TaciTa 
ordinary year;* from Arabic basita. 


* passim, e.g. fol. 332° left lower table: total of days 365. 
Cf. Bullialdus, Astr. Phil. p. 213: waocra Hroe 6 wn dv SiceKros; 
also CCAG 1, p. 88, 23. 


Tepiooea 
dijference, in particular tabular difference for interpola- | 
tion; equivalent: péaos Widos. 

mepiaoea Kat €AdAewus yiverar* there occur increments or 
decrements. 

(= twice the dpOwars ris jpépas) 
difference between 12" or 180° and the length of day- 
light for a given solar longitude. 


, ~ , 
Tepicoea THS Hpepas * 


, A A A , A a 
TEPLOGELA TS Tepipopas TOV xpovov TOU g or Trepiooela Tw 
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ypovev excess of revolution, 1.e., excess of the tropical 
year over 365 days, measured in degrees ; cf. appendix 16. 
1 passim, e.g. fol. 339% ff. 
™ fol. 3087, 12. 


3 fol. 285°,3,31. 
TEpipopa. 
, a a a , ed e020 , 
TEPLOTELA TIS Tepipopas TOV XpOvov TOV SEE TEPLOCELA. 


ere 


TLATW SCO wpa 


mAayLov 


column in a table of two entries, ©.2., TO Codvov Cnreirat 
dvw TOO Kavoviov Kai ai potpar ék mAayiov' “ the zodiacal 
sign is to be taken from the top of the table and the 


degrees from the (left) column.” 


Contrast: Baéos lit. depth; e.g. 1) pia ( repiocea ) yivo- 
pevy amo tod kata Babos Wydov Kal 1 éTé pa amo TOD €K 
riayiov * “ one (difference) originates from the num- 
bers in a row, the other (from the numbers) in a 
column.” 

fol. 284¥,20. 


* fol. 273",7 f. 
7AGTOS 
latitude, measured on an are perpendicular to the ecliptic. 
for the moon: 


poipa Tod mwAdtrovs’ argument of latitude, i.e. distance 


from the ascending node to the moon. 
tAdtTos orepeov Cf. appendix Y. 
for the inferior planets: 


mpatov mAdtos * inclination, corresponding to éyxAcoes in 
Almag. XIII,5 (Heib. I, p. 584). 
Se’repov zAdtos * obliquity, corresponding to Aocéooas in 
Almag. XIII,5 (Heib. II, p. 584). 
geographical latitude, ¢. 


mTAGTOS peTE THS OpOis ypappys . 
mAatos Teor” complement of latitude, 90 — d. 


mhatos THs avatoAgs rising asimuth of sun or star, counted 
from the east; cf. appendix 11. Copernicus, De revol. 
II,7: latitudo ortus. 


tdTOs TOD K’KAOV Tis KWyoEws © an astrological concept 
based on the following relation. Let a planet be at a 
distance d from upper (or lower) culmination, ¢ the 
length of half the arc of daylight (or night) and ¢ the 
geographical latitude. The “latitude of the circle of 
eae . p d 
motion” p is defined by — =—. 
F 
* fol. 267*,25 to 27; 270',32. 
* fol. 412°, 413"; 420°, 421". 
* fol. 413%, 414"; 421°, 422". 
‘fol. 323°,31; 338%. For the origin of this terminology cf. 
Nallino, Batt. II, p. 339. 
® fol. 265,19. 


* fol. 312",1 to 10 (Sanjari sij, Book XII, Ch. 2, 2). 


» A - 
OpOwors — Onpeov 15 


m€ov Kai €AaTToV 
increment ; equivalent: éxrAjdu. 
for the moon: 


increment of the second lunar equation over the first; 
cf. appendix 6 and fig. 9b. 

for the planets: 
similar ; cf. appendix 7. Cf. also dvépados. 


ud — yy 1 > , , “— a 
mA€ov Kat €AatTov owews Or mA€ov Kat €AaTtrov amo TIS 


dpews * parallax. 


combined with pixos or mAdros:? longitudinal or lati- 
tudinal component of parallax. 


mX€ov EXatrov idiov* parallax as function of anomaly ; cf. 
appendix 10. 

* tables: fol. 360° to 361°. 

* fol. 360°. 

* fol. 358", col. 12. 


TOppw pyKOS SCC pyKOS éTinKETTEpOV 


poer 
VISION (cf. Nallino, satt. IT, p: 334); see vratiA caar 
poer. Cz: also CCAG 1, p. 88, 28. 


OadaT 


os “22 4 4 « , a 7 , 
how ; S€€ vratiA oaart poet and égoa gaat pTroT. 


, 
oayltTa 


sagitta’ = R — Sin(90 — 6) = R(1 — cos 6) for 


R — 60. 


i aayita S€ 4 peydAn Siipetpos éoti tod K’xAov* diameter. 
sayita THs Hpepas® sagitta of the ascensional difference 
(the 6pOwarts TOV i PLEpOv ) . 

* Definition: fol. 283°,16f.; tabulated: fol. 432"; figure: Vat. 
gr. 211, fol. 115". For the translation of Latin astronomical 
works into Greek cf., e.g., Vat. gr. 212 (Cod. Vat. Gr. I, p. 
270 ff.). 

* fol. 283',31. 

* fol. 285°,19. 


onpetov 


sign, indicator for the combination of cases; e.g., a 
coefficient c is given the onpeiov a if its argument belongs 
to the first column of a table, @ if it belongs to the 
second column. Similarly the preliminary latitude p’; 
(of Venus) obtains a onpeiov & or B depending on its 
argument. The combinations of the two onpeia then 
decide whether the latitude cf’; is northern or southern ? 
(cf. appendix 8). 

onpeiov THs poipas THs avaBdoews | 

6pOwors onpeiov ' see appendix 14. 
TpaxnAaia Tod onpeiov ; 
* fol. 297°,11f.: éay ra Sto onueia ek:oodyrac rd mrdTos els 7d 


Bopecov pépos: ef 5 ovK é&iootvrac TO mAaTos els TO vOTLOPY. 
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oKud dovaA roia tpéepa eoTw amo tov THs EBSopddos* “ then one 


oxi éxrciWews F * eclipse magnitude for the sun. 
Shadow, used as technical term for tan a and its modi- 
fications: 

oKUuL THS MpwTyns peraxAioews > Tand (R = 60, 8 = decli- 
nation ). 

ox. tov daxtvAwv ® 12°: cota. 

oki Tov rodev® 7 cota. 


+ fol. 428V. 
* fol. 431". 


* fol. 431%, a = noon altitude of the sun (dvaBaos 9). 
oKidopa 
oKidopa tov daxtvAwvy! or coxa SaxtvAwy ? 12: cot 6. 
oxidopa OF oxia * Tana (R60). 


” , - »” 
dpOwors oKidopatos See dpOwors. 


* fol. 365°, main title. 
* fol. 365", column title. 
* fol. 283°,29; 4319. 


OKOTELVOS 
oi dorépes S€ of dpvdpds dawopevor, TovTOvs 6 mTOAELaAIos 
dotépas oxortewovs éxddcoev' “the faintly visible stars 
which Ptolemy called obscure” (in fact, however, he 
called them vedeAoedeis * nebulous). 


* fol. 317°,3 f. 
* Almag. VIII,1 (Heib. II, p. 169,18). 


, wd 
oTaacts SCC wpa 


, 
OTEPEOS 


areped SpOwors rod HAiov' title of a table of true solar 
longitudes (counted from 7 0°) as function of the 
mean longitude, counted from the apogee. Thus we 
have here the sum of the mean longitude and the solar 
equation denoted by a term which ordinarily would be 
used only for the equation; cf. 6pAwo1s and épbwpa. 


* fol. 378%, 379°. 
odaipa 
Aerta odhaipas diataywy7s * coefficients, depending on the 
lunar velocity, increasing from 0 to 0;12, probably in- 
dicating the increase of the diameter of the shadow. 


1 fol. 428°, last column. Same heading in Vat. gr. 211, fol. 229’. 


, 
TAKKGEK 


Takkatk égous Kati Tépoas 7jTOL pepiopos Tov Aexrov* from 
daq@iq-i hisas [Kennedy]; cf. Nallino, Batt. II, p. 
328. Coefficient of interpolation for planetary latitudes 
(Almag. XIII,5: é&jxoora; Heib. II, p. 582). 


* fol. 398/399"; cf. wepropds. 
Tacipyv aovar 


A ‘ 7 , ” 4 7 ‘4 
€rreita THPELT AL 7) apxn TOV Xpovov TOL 0 apx) TOU TACLpyHV 


has to determine which day of the week is the first day 
of the year.” From tasyir-i awwal [Kennedy]. 


* fol. 333’, right table 6 f. 


TéAELOS 
final value of some parameter, e.g., réAcov tYwopa or 
vw , . 
dpOwors réAeva ; cf. appendix 1. 
see also: dvaBaows; amoxatdotacis; Sdxtvdos; S.aKpivw; 
1AGTOs. 
daxrvdos téAcos area digit of eclipse magnitudes; cf. 
daxtvAos. 
TéAeos KVKAOs THs Hpepas’ OF H TeAEia THs Hpepas Lovy? 
celestial equator. 


* fol. 285",3. 
* fol. 284,3. 


TEA 


toéov teTeAcwpevov ' complement of an arc, 1.e., 90 —é; 
similar for all specific angular distances, e.g., rereAcw- 
peévn avaBaors * complement of altitude. 
 TpaxnAaia % TeTeACwpevyn ® Sin of the complement. 

* fol. 283°,9. 


* fol. 299°,18. 
* fol. 299',10. 


THPO 
Typeitat eis TA Uy’ Kat TO eLeAOOV pepiLerar cis Ta LL’ * “ multi- 
ply by 18 and divide the result by 17.” 
* fol. 300°,12 f. 
TOeov 
arc 
togov tTeTeAcwwpevov ' complement of an arc, i.e. 90 —8. 
togov THs Oewpias arc of vision; for the moon cf. appendix 
4; for the planets: elongation necessary for visibility.? 
rofov tis jpéepas*® length of daylight (measured in 
degrees ). 
Tofov Tod dwtos See has. 
* fol. 283°,8. 


* fol. 309°,17; tabulated for clima 4: fol. 359°. 
* fol. 285%,29. 


TOTOS 

place, longitude ; equivalent : pjjKos. 
see also: dxpov; OepédAvov ; dyns. 
TOTOS THS TUXNS TOV Cwdiwv . rising time or oblique ascen- 
sion, counted from VS 0° as is customary in the Handy 
Tables of Ptolemy and Theon; by adding 90°, one 
obtains the rising times counted from 7 0°. Cf. also 
appendix 4. 

I have no suggestion to offer for the explanation of 


the name “ place of fortune” for what is commonly 
called dvagopai, i.e. rising times. There is no relation 
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to the astrological terms KxAjpos tis tvxns “* Lot of For- 
tune” or dya) and xaxy tiyn “Good” and “ Bad 


Fortune ” (i.e. 5th and 6th locus) .? 


Kavoviov TOD TOrov THs TYxns * table of rising times, counted 
from f 0° 

roros THs TUxns TOV Cwdiwy pera THs edOcias ypappys * right 
ascension (also pixos is used,® instead of rézos). 

Toros THS TYyns TOD avOnpepwod Tod SF peta Tod amo Tod 


rAdrous THs moAews © Oblique ascension of Xo. 


mAdtous THs TOAEws * Oblique 
at a given place (also the 
10th locus seems possible). Note the duplication of ris 
r’yns Which is part of the terminology. 


TOTOS THS TUXNS THS TYyNS TOD 
ascension of the ascendant 


1 fol. 284°,11 to 29 (Sanjari sij, Book III, ch. 4); also fol. 
286',13 to 18 (loc. cit. Book IV, ch. 4). 

*For these concepts cf. Bouché-Leclercq, AG p. 289f. and 
p. 280. 

fol. 265°,25 f., 28; tables: fol. 433% to 438. 

* fol. 284°,12,16; 286,15. Tabulated: Vat. gr. 211 fol. 157°. 

® fol. 299V 3. 

® fol. 289',11 £. 

* fol. 289°,12; similarly fol. 289°,29: romos rhs tUXNS THS TUXNS. 


TpaxnAaia 
Sin 6 = R sin 6 for R = 60.3 
TpaxnAaia THS OpOacews TOV HPEpwv Sin a where a = ro€ov 
Tis OpOwcews TOV tpEepov.” 


peydAn TpaxnAaia jprov éote THs Siapetpor * sinus totus = 
radius. 


TpaxnAaia TOU ONpPELOV See appendix 14. 


1 tabulated fol. 365” and 432" for single degrees. 
* fol. 366"; similar fol. 373”. 
* fol. 283',20f.; also Vat. gr. 211 fol. 115", figure. 


TpuTavy 
tputdvy THs Oewpias ts © + visibility limit for the new 
crescent. 
tputdvy in connection with the 1B’ oixjpara*: “* balancing” 
of the length of the loci at sphaera recta and for given 
latitude, i.e. comparison of their relative length. 


* fol. 308',22. 
* fol. 289°,13. 
TUX) 
TUXy TOD Katpod éxeivov > OF TUX TOD KaLpov 2 the ascendant 


at the given moment. 
TOTOS THS TUXNS and rozos THS TUXNS THS TUXNS S€€ TOTOs. 


* fol. 304°,16. 
* fol. 299',9, 


tYopa 
apogee; also motion of apogee; passim. Cf. appendix 1. 


‘ o , 
atedes tYwpa See aredArs. 
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, ” 
OoKta — wpa 


tywpa tov I eis TO pécov THs ypepas * noon altitude of the 
sun. 


* fol. 265',21. 


pos 
rofov Tod dwrds you THs eAAdpWews THs C + arc of light 
or illumination of the moon, i.e. ripeness of the crescent, 
defined by VB? + AdA* where B = lunar latitude, AA 
the elongation from the sun. 
* fol. 307%,3 f. 
xao04a 


xac0a pavTaA ro idia Kivnoiws* equated argument (of 
anomaly). From Persian khadssa mu‘addal; cf. Birini, 
Astrol. § 183, p. 94; Nallino, Batt. I, p. 213 (2), II p. 
329; Sédillot, Tables astron., p. 45 ff. 
tov xaTla wyouv Tis idias KwycEws * anomaly. 

* fol. 263",28. 

* fol. 264',26. 

xPaparoi aorépes 

the inferior planets.’ 


* fol. 422”. 


xovao'd 
lunar eclipse : Kovaovd A€yerat KaTu Tré€poas TOL ExAEupis * 
tis 8€ € yovoodrd iro kpvyis' from Arabic kusif and 
khustif respectively [Kennedy ]. 


* fol. 269¥,9 f. 
Xpovos 
year, of any particular type. 


Arabic (lunar) years (of 354 or 355 
5). 


. 


xpove. apaBov ' 
days) of the era Hijra (A.p. 622 July 16 or 1 


xpovet TEPTOV 1 Persian years (of 365 days ) of the era 
Yazdigerd (A.D. 632 June 16). 
xpovos trou J” solar year, i.e. tropical y - is 


* fol. 333°; 376°. 


* fol. 310°,11. 
Wnpos 
number—passim. 


Ynpos peoos* calendaric computation with months of 
either 29 or 30 days, arranged in fixed order, in con- 
trast to a true lunar calendar which is based on the first 
visibility of the crescent. 


* fol. 278",9. 


wpa 


> 


, - c 7 , 
KLYN PLA TOV WPwV S€@ Ktivynpa. 
4 ~ , ~ e 7 >. 4 4 , 
PEpLopLoL TOV PyKOVS TWY WpwY SCE ETOA DAaT pToT. 
> A ov > , 
6p0n wpa see opbos. 


o os , a , 
wpa THS ATOKATAOTACEWS SCE aTokaTaoTactls. 
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Opa THs pyKOs SCC pHKOs. 


Spa mecodoa half duration of an eclipse, i.e. from first 
contact to eclipse middle; for lunar* and for solar * 
eclipses. Cf. appendix 9. 


Spa ordcews * half duration of totality of a lunar eclipse ; 
also simply oraovs.* Equivalent: &pa tod Kaipod.° 

Opa THs hpépas (OF THs vuKTOS) maons © length of daylight 
(or of night). 

Spa Tod pécov THs hpepas® half length of daylight; cf. 
appendix 9. 


Spar pykovs tis jpepas ® longest daylight. 


[ TRANS. AMER. PHIL. Soc, 


* fol. 359°, tabulated for the moon in apogee; also fol. 427°, 
428’, tabulated for four values of the lunar velocity. 

* fol. 362", left table; for the moon in apogee. 

* fol. 359¥, 

* fol. 427°. 

® fol. 269",18,20. 

* fol. 268°,27 f. and fol. 269',24 respectively. 

7 fol. 270°,14 f. 

® fol. 360" to 361”. 


®paiov Kavoviov 
proper table, i.e. a table obtained by interpolation be- 
tween existing tables.’ 


* For parallax at a given geographical latitude and for a given 
degree within a zodiacal sign; fol. 271” and 304". 





APPENDICES 


APPENDIX 1 * fol. 339%. 
; —_— ; : . * With a less crude rounding one would obtain 0;0,23. 
Example for finding the solar longitude for a.u. 695 ® Text incorrectly 3:40,29. 


VI 10* (—a.p. 1296 April 15). From the tables: ? 
APPENDIX 2 


peon Kivnots tYopa 
for 691 years 9s 10 ;25,56° 10 :8.37° Example for finding the longitude of the moon for 
4 years 10 16:40, 1 0 :3,32 A.H. 652 IV 22? (—a.p. 1254 June 11). From the 
6 months 4 232,35 0 ;0,22 tables: ° 
10 days 0 8:52.15 0:0, 1 peéeon kivynots idia Kivnots Kevtpov © 
total: = -:18:1;50,47 ———«:10;12,32 oye Fe 6 UCR 
GepeAov : 25 18 :20 21 beeen 4 18 ;45 0 29 ;36 0 / .= 
: 4 months 3 2;42 2 22 ;47 o Pow 
TeAELOV tYopa rou Oo: 2s 28 :32,32 22 days Q 6:42 y 4 ;22 5 a; ] 
pion nivgows: 15° 1;50,47 total: = 0°17:25. 29:2 =~ 781031 
KEVTpov : 105 3:18.15 
_— | 


With the xévrpovy as argument, from the tables called 


, ae , eS oe 
Kavovia T1S 6pbwcews TOU 1ALOvU: 


‘dpOwors : TEpicoea 
tor 10'S" : 1:49, 0° ail} -7 35" 
0:18.15°: —0O: 0.18 (from —0:1,16-0;18,15 ~ —0O;1-0;18)* 


OpFwors rede: ] ‘48,42 
KEVTpOV > 108 3;18,15 
twyopa : 2s 28 °32.52 





1S 35;39,29° 76 atOnpepwov tod 9. ~ % 4 


" 
S 


Explanation of this Procedure (cf. fig. 3) Lo, 


From the tables for 30 Arabic years, single years, 
months, and days, is found the day of the week, the 


mean longitude X (péoy xivyos) of the sun, and the Correction for geographical longitude 87° from 90°, i.e. 


Fic. 3 


motion v of the solar apogee since epoch (tyopa) : for a difference of 3° ==: ():12h: 3 

s1-5047° 10 -12.32° , i . on 
A= 1° 1550,47 v= 10;12,32° for 0; 2" = 031, 5,53 0;1, 5,20 0; 2, 1,55° 
apogee at epoch: Ao = 25 18 ;20 GeveAvov 0-108 0 -5.29.24 4 0 :5.26.37 0:10. 9.33 
thus present apogee : Aa = 28 28 332,32. - ——— —_—— . on 
0;125 0 ;6,35,17 0 ;6,31,57 0 ;12,11,28 

Thus we have the anomaly (xévtpoyv) : ~0:7 ~0:7 ~ 0:12 

(1) a =A —A,g = 10° 3518,15 previous results: 17 ;25 6° 29 ;2 7° 10;31 

to which belongs, according to the tables for the equa- for long. 87°: 0° 17 ;32 68 29-9 75 10:43 


tion, a correction of 


§ = + 1;48,42 


Entering with the xévrpov as argument the tables called 
Kavovia Tis 6pPHcews THs GeAnvns ° One finds ® in column y: 


and therefore a true longitude (at@npepwov) of . ‘ ; 
; OpOwars a TEPLOOELA 


(2) sche titled aes sail for 510°: 11;11 4039 


Instead of this simple addition, the text uses A = 8 + 0:43: +0;6 (from 0;9-0;43 = 06,27) 


, oats ‘ : ‘ 
a+ rhic ; also correc scause of (1). » - 
1-4, which is also correct because (1) Spbuaos a’: ~—I11;17 

* fol. 322°,6 to 323*,8. iia: 6°29; 9 





* fol. 334° to 338". The text also contains a check for the day i 
e - aN , » s “7 of 9 i A , 
of the week. idvov tTeAccov: 6817 3;52 = xao0a pavTan. 
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With the (8:ov réAccov as argument one finds in the cavona 
THs OpOwcews THs GeAnvns™* in column e: 


6pOwors B TEepiovea 
for 6° 17°: 1 :37 +0;5 
0;52: +0;4 £(from 0;5-0;52 —0;4,20) 
dpOwors B’: ] 41 


With the xévrpov 7° 10;43 = 75 11° as argument, one 
finds in the same tables © in column 8: 


yevxa Aerra: 0351. 


With the (ov (réAcov) from column ¢:* 


PLKOS TEpicoEa 
@ 17°: 0 ;59 —0 ;3 
0;52: —0O; 3 (from —O0;3-0;52 = —0;2,36) 
0 ;56 


Multiplying this result with the coefficient obtained as 
yevuxa Aerra One finds: 


0 ;56-0;51 = 0;47,36 = 0;48 


called piKxos éyy’tepov. To this quantity is then added 
the dpOwors Sevtépa 


0 :-48 a l 4] == 2 -29 == opOwors OTEpEd 


which is (incorrectly) taken as a negative correction 
of the péon Kivnots 


Os 17 332° — 2 ;29 = 08 15;3°. 


This is the final result, the at@ypepwov ris €. The 
correct result would have bcen 17 ;32 + 2;29 = 20;1°. 


Explanation of this Procedure (cf. fig. 4) 


The method for finding the true longitude of the 
moon is based on the model of the lunar motion devised 
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by Ptolemy in Book V of the Almagest. Consequently, 
one determines first the mean longitude (A = péon xivy- 
ows), the mean anomaly (a4 = idia kivyos, counted from 
the mean apogee F), and the double elongation («x = 
xevtpov) for the moment in question, including the small 
addition due to the change from longitude 90° to the 
longitude 87° of Buchara. 

With « as argument one finds the “ first correction ” 
(w; = épOwors a’) which gives the angular distance of 
the “true apogee’”’ G of the epicycle from the ‘ mean 
apogee” F. By subtracting it from a one obtains the 
true anomaly a (idov réAcov), that is, the angular dis- 
tance of the moon on the epicycle from the true apogee 
as seen from O. 

With a as argument one can now find as “ second 
correction ” (ws = 6pOwors Sevrépa) the epicyclic equa- 
tion of the moon under the assumption that the epicycle 
is at its maximum distance from O. This is the value 
one would obtain if the deferent of the moon were at 
maximum distance. If the epicycle is, on the contrary, 
at its minimum distance, the same true anomaly a would 
lead to a greater equation. The corresponding incre- 
ment p is called pixos. In general, however, the epicycle 
will be in an intermediate position, i.e. the double 
elongation x is neither 0° nor 180°. The “ proportional 
parts”’ (yea Aexra) tabulated as function of x give 
the sexagesimal fraction y of » that corresponds to an 
intermediate distance. Thus the increment of the epi- 
cyclic equation is only YP, called pnKOs éyyUTEpov 
“nearer distance.” Consequently, the total equation 
(dpOwors oreped) is given by 


S=woty'p 
and thus the true longitude (at@npepwov) by 


+ fol. 324°,12 to 325',31. 

* fol. 334" to 338. 

"fot. 536". 

*This is the correct value; the table itself (fol. 336%) has 
here a scribal error (5,25,24). 

° fol. 340° to 343°. 

® fol. 342”. 

7 fol. 343°. 


APPENDIX 3 


Example for finding the longitude of Saturn for A.H. 
652 IV 22: (—a.p. 1254 June 11). From the tables 
for mean motion * one finds 


péon kivnows: 98 183;35° idia Kivnows: 587 554° * 
and similarly the 
aredts twa tov J: OS 9;34,29 
To this is added the tYopa trod >: 8 0:45° 
which results in the tywpa réAcov: 8: 10:19. 


This longitude is subtracted from the 


—— 
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9 18 335° 
1s 8516. 


, , 
PEON KLVNOLs : 


resulting in the KEVTpov : 


With the xévtpov as argument one enters the tables 
called xavova tis 6pOHcews tod Kpovov. There one finds 


in column y 
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Once more with the (8:ov réAcvov as argument we enter 
the same tables and find in column e ® 

for 5° 11°: wéppw pixos: 038 epiooea: 0;0. 

This quantity is now multiplied by the yea Aerrd 


0:8-0:49 = 0:6,32 = 0:7 


for 158° GpOwors a: 3;50 epicoea: + 0;5 
0;16: : +0; 1 #£4(from0;5-0;16 =0;1,20) 
thus dpOwors a: ait 


Subtracting this result from the xévrpoy, but adding it to 
the xivyors, one finds 


158 ;16 587354 
— 3:51 +3551 








KEVTpOV réAevov: 1°4;25° tdvov téeAevov: 5° 11 345° 


Entering the tables with the first of these values, one 
finds in column 6 the 


yea Aerta = 0 5497 


and similarly * with the second value from column ¢: 


and the result, which is called povdpour TOL plypa, is 


subtracted from the 


dpOwors devtépa reXEia : 2:11 

—0;7 

resulting in the OpOwois oTEped : 2; 4. 
To this we add the KEeVTpov teAcov: 18 4:25 


1s 6 29, 
8° 10;19 


O° 16 48° 


and obtain the 
This amount is added to the 


” , 
OpFwors TeTEACLWpEVN : 


: , 
tywpa TéAELov: 





producing the final result 


as the ai@npepwov trod b. 
IPE 


Explanation of this Procedure (cf. fig. 5) 
> / 


for 5°11°: 6pOwars B: 2:16 TEpicoea : — 0:7 
0;45: —Q; 5 (from —0;7 -0;45 = —0;5,15) 
thus dpOwors Sevtépa TeAcia: y +s | 
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The method is again essentially Ptolemaic (Almagest 
Book XI, 11, 12). One first finds from the tables of 
mean motion the mean longitude A (péon xivnois) and 
mean anomaly a (ida xivyos) represented in fig. 5 on 
a concentric deferent (dotted circles). Then one de- 
termines the position of the apogee of Saturn for the 
given moment by adding the motion of precession since 
epoch, p, to the longitude A,, = 8° 0;45° of the apogee 
at epoch: 

Aa = Aa. + P. 
The difference 
kK=A—Aag 


called xévrpov, gives the distance of the center C of the 
epicycle from the apogee for the given moment. Ac- 
cording to the Ptolemaic theory, however, this angle 
has not to be measured at O but has its vertex in E, 
the “equant” in later terminology. The actual center 
of the deferent is the midpoint M between E and O. 

The epicycle with center C carries the planet S, which 
has a mean anomaly a, counted from the mean apogee 
F, that is to say, from the apogee that corresponds to 
the equant. In order to find the epicyclic equation as 
seen from O one has to know the distance of S from 
the true apogee G, i.e., the true anomaly a (called here 
idvov teAaov). This difference 


@,; =a—a 


is tabulated as function of « and called “ first correction.” 
The same angle w, gives also the difference between the 
xévtpov k which increases proportionately with time, and 
the “ final center’ x which measures the distance of C 
from A as seen from O: 


K = K —- @}. 


We now know the distance of C from A and the 
position of S on the epicycle with respect to the true 
apogee G. This would immediately lead to the equation 
8 which is the difference between the longitude A of C 
and J of S, if the epicycle were at mean distance from O. 
The corresponding values, called “ second correction ” 
ws, are tabulated as function of a in the sixth column 
of our tables. In fact, however, the epicycle is nearer 
to the apogee. If it were exactly in the apogee, the 
equation would be less than w, by the amount pa, tabu- 
lated in column 5 for the same entry a.’° Actually, 
however, C is not in A, but at a distance x from it. 
Therefore, one finds in column 4 coefficients y (called 
yevuka Aerta) as function of x. Hence the final equation 
is given by 





_— 


Y° BA 
and thus the true longitude of the planet by 
A=Agtu+6. 
* fol. 325",1 to 326',13. 


* fol. 334” to 338". 
* Only this result is given in the text (fol. 325",5 f.) but it can 
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be easily checked by means of the same operation, described at 
the beginning .of appendix 2. It turns out that the first figure 
should be 95 19;15° while the second is correct. 

* This figure is correct. The single contributions are listed in 
the last columns of the tables fol. 335" to 338" under the heading 
kivnors bYwuaros. Kivnows Tov dwavav aorépwyv. Thus all apsidal 
lines are considered to have fixed sidereal longitudes. 

° From fol. 336’. 

® fol. 343" to 346". 

“It suffices to use the entry 184° (fol. 344°). 

® fol. 346". 

* called paKxos ériunkéorepor. 

*°In the opposite case of C in the perigee, w, would increase 
by we tabulated as function of a in column 7. 


APPENDIX 4 


Example for deciding whether or not the new moon 
will be visible on the first day of Ramadan a.n. 701 
(= A.D. 1302 April 30). A crude method for answering 
this question is described fol. 331", 6-30. It consists in 
the following steps: 





One computes for the preceding day (i.e. Sha‘ban 29) 
the true longitude (ai@ypepwov) for sun, moon, and 
ascending node. The result? is 

Ao = 18 16;56 


Aq = 18 27;21 
8 == 95 28 ;40. 


Then one adds 180° to the longitudes of sun and moon 
and enters with the result the table for rising times or 
oblique ascensions for the given climate (i.e. Byzan- 
tium). These tables are called in the text ra xavona rob 
TOTrOU THS rvxns tov Cwdiwv * but are headed (fol. 434° to 
438") xavonov trav avahopov trav Cwdiwv. One finds * 

po = 240 ;59 


Y 


PC = 254 ;48 


and from it 
Ap = p¢ — po = 13549. 


This difference is called pijxos pécov tobi F Kai ris 
(i.e. literally ‘‘ distance between sun and moon”’ but 
actually representing the oblique ascension of the elonga- 
tion ) or also ro Toéov THS Oewpias i.e. “arc of vision” * 


(fig. 6). 





Western 
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In the next step one finds the argument of latitude 
from 


wo =Aq — QB = 1827 ;21 — 9 28 ;40 = 3° 28 341 
and with w as argument in the tables of latitudes 
B=+4;255 
Finally one computes 
Ap + $8 = 13349 + 2312 = 1631. 


Since 16;1 > 12 the moon will be visible on the evening 
of the 29th. A result < 10 would have meant invisi- 
bility ; obviously the method is not considered reliable 
enough to decide the cases between 10 and 12. 

Fig. 6 explains the underlying idea. The oblique 
ascension AB = Ap measures the time between sunset 
and the setting of the point which has the same longi- 
tude as the moon. The correction BC for a lunar lati- 
tude B is then simply approximated by 438, positive for 
northern latitudes, negative for southern. 


* Including a correction for geographical longitude. 

* fol. 3317,13 £. 

* Interpolation results actually in 240;59,48 and 254;31,57 
respectively. 

“fol. 331°,20f. and 25. This is not the “arcus visionis” of 


modern terminology. 
*From fol. 4317 for # = 35 28°. For w = 35 28;41 one would 
obtain 4 ;23,40. 


APPENDIX 5 


Epoch values (@evéAca) for the beginning of the year 
Yazdigerd 541 I 1 (—a.p. 1172 Feb. 2): 


sun: mean longitude from apogee: 
7® 20 ;58,58,43 peon Kivnots * 
longitude of apogee: 
28 27 ;50,42,36 tywpa * 
thus mean longitude: 
108 18 ;49,41,19 o kivnors * 
mean longitude: 
Os 26 ;50,29,46 péon Kivyors * 
thus mean elongation : 
2° 8; 0,48,27 perdBaors * or xévtpov.® 


moon: 


1 fol. 376"; fol. 377" for Yazd. 541: 78 20 ;58,59. 
* fol. 376" marg. note. 

* fol. 375". 

* fol. 376; fol. 379% for Yazd. 541: 08 26;50,30. 
5 fol. 376°. 

® fol. 379% for Yazd. 541: 2°8;0,48. 


APPENDIX 6 


The examples discussed in the appendices 1 to 3 con- 
cern the tables which occupy fol. 334” to 358". These 
tables are based on Arabic years and normed for a 
geographical longitude of 90°; the technique of com- 
putation is practically identical with the procedures of 
the Almagest. 


Our manuscript contains also a second set of tables 
(fol. 375" to 422") which is normed for a geographical 
longitude of 84°, for the epoch Yazdigerd 541 I | 
(= A.D. 1172 Feb. 2; cf. appendix 5) and uses Persian 
years. The most essential deviation from the previous 
tables consists, however, in the fact that all corrections 
of the mean positions are arranged in such a fashion 
that they are never negative. This constitutes a great 
practical advantage over the Ptolemaic fashion. Ac- 
cording to a remark on fol. 261',14 these tables are from 
the zij al-‘Al@i (ovvragis édaq) .? 

We give in the following a detailed description of the 
lunar tables. The planetary tables follow exactly the 
same idea (cf. appendix 7) and the terminology is 
therefore the same. 


Fig. 7 gives a schematic description (not drawn to 
scale) for three typical cases in the lunar motion: 


(1) means conjunction, i.e., the observer O, the 
center C, of the lunar epicycle, and the mean sun are 
in a straight line 


(2) at elongation A—x«-+ 6, of the mean moon 
(= center C, of the epicycle) from the mean sun 


(3) at quadrature, i.e., at elongation of A= 90° or 


k= 85°. 
Notation: O observer 


M movable center of eccenter, moving on the circle 
of radius OM ~e in retrograde direction, by an 
amount which equals the elongation A 


N_ point diametrically opposite M on circle of radius e 


C center of epicycle = “ mean moon,” at elonga- 
tion A from mean sun 


TO tangent to epicycle when in apogee of eccenter 
8) apparent radius of epicycle when in apogee of 
eccenter, seen from O (8 —5,;0° on fol. 383”) 
’ “ mean longitude,” increasing linearly with time, 
counted from 70° + 68, 
G “true apogee”’ of epicycle, defined by straight 
line OCG 
F “mean apogee” of epicycle, defined by straight 
line NCF; maximum angular distance possible 
between F and G wo, = 14;37° (on fol. 382”) 
F, point on the epicycle such that FF, = 
S moon on epicycle 


-~/ « 


a’ “ mean anomaly ” of S, counted from Fy, linearly 
increasing with time 

w angular distance GF,, tabulated as function of « 
(fol. 382”; cf. fig. 8) 

a =a +.’ “true anomaly,” counted from G 

d “true longitude” of S, counted from 7 0° 

=)r—N’. 


oOo 


On the basis of this arrangement we can now explain 


— 
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the operation of the tables. Our goal is to find, for a 
given moment, the true longitude A of the moon. We can 
consider as known the mean longitude 4’, the mean 
anomaly a’, and the value of x = 4 — 6, for the moment 
in question, since these values can be found in the usual 
fashion from the tables for 30 Persian years, single 
years, months, days, and hours (fol. 379¥ to 382"). The 
subsequent tables (fol. 382% to 384") for corrections are 
designed to find § and thus finally A =X’ + 8. 


Description of the Tables 
“ First correction” (porn ép$wors) : as function of x 


(cf. the graph fig. 8), i.e., the distance from G to Fy 
(fig. 7). This corresponds to the €xKEVTpoU mpoobadat- 


ad 








28 

24 
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ptoas amoyeiov of Almagest V,8 col. 3 except for the 
addition of w) = 14;37 which makes o’ non-negative. 
The elongation « is defined as X’ — X%q = AC — Ap — 4. 
Since 8) =5° we have « = A—5° where A is the 
elongation in the sense of the Almagest. Using the 
of Almagest V,8 column 3 and computing 





° 





values Cz 
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cz; + 13;9 as function of A one finds the values of 
wo + 0;1° where 13 ;9 = max. cs. 

“Second correction” (Sevtépa dpOwars) : w” as func- 
tion of a (cf. fig. 9a). This function is constructed as 
follows. We assume the epicycle to be located at the 
apogee of the eccenter (C, of fig. 7) and tabulate the 
corresponding equation 8, as function of a (correspond- 
ing to Almagest V,8 col. 4: wAdrovs xai pnKOVsS mpoo- 
Oadaipéces érxixAov) but we add to the result the maxi- 
mum equation 8), thus obtaining a non-negative function. 
For anomalies a which satisfy 180 = a = 360 this is the 
correction w”. For 0 = a= 180, however, we assume 
the epicycle to be in the perigee of the eccenter (C, of 
fig. 7) and tabulate 8; + 8) as w”. 

“Increment ” (aAé€ov cai €Aatrov) : » as function of a 
(fig. 9b). This is the amount of the excess of the epi- 
cyclic equation 6, in the perigee of the eccenter over 8, 
in the apogee (corresponding to Almagest V,8 col. 5: 
érix’kAov Siadopa ). 

“ Coefficients of interpolation” (Aerra rod pepiopod ) ; 
C, (mpwra) and c. (Seirepa) as function of x (fig. 9c), 
corresponding to Almagest V 8 col. 6 (d:ahopa éEnxoorav), 
c, for OSa= 180, c. for 180=a= 360. This is 
expressed for ¢; by rovro ba PnKOVS 7/TOL TOD KEVTpoU 
AapBavera, Otay dvw Tov mAE€iovos Kai éAdTTOVos eipeHGor Ta 
lida tis idias* “this is taken as a function of elonga- 
tion or center for the zodiacal signs (0 to 5) which are 
found (written) above (the table of) the increment ” 
and similarly for c. and the signs (6 to 11) written 
below the table. 


Use of the Tables 


For a given mean anomaly a’ (idia xivyows) and elonga- 
tion x we find the true (or “adjusted’’) anomaly a 


(Staxexpipevy idia Kivnows) from 
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(1) a=da@ + '(k). 
With this value of a as argument, we find the second 


correction w”(a) and the increment (a). Furthermore 
with the given x 


0O=a= 180 


) C1 (x) if — 
180 =a = 360. 


(2) bco(x) if 


Then 

(3) B= 0!"(a) + ¢(x) “9(a) 
is the final equation and thus 

(4) A=WV+8 


the true longitude. 


C(x) = 


By means of fig. 7 it is easy to find the justification for 
this procedure. According to (1) the angle a is the true 
anomaly counted from the true apogee G of the epicycle, 
i.e., the apogee as seen from O. We now consider (2) 
for the first case (0 = a= 180). For x = 355, ie. for 
the apogee of the eccenter, we have c;— 1 and thus 
8=w’ +7. In this case w” is the equation for the 
perigee of the eccenter, while y represents the increment 
of the equation if we go from the apogee to the perigee. 
By adding 7 in its full amount to »” we obtain the equa- 
tion for the apogee, as it should be for x = — 8). For 
x = 90 — &, i.e. in the perigee of the eccenter, we obtain 
§=w” in agreement with the definition of o”. 

For (2) in the second case (180 =a 360) the 
opposite situation holds. Now w” is defined as the equa- 
tion of the epicycle at the apogee. Indeed, for x = 355, 
we have c, =O and wo”. For the perigee « = 85, 
however, we find c. = 1 and thus 6 = w” + », which is 
the value of the equation for the apogee plus the full 
amount of the increment, hence the equation for the 
perigee. Intermediate values of the elongation lead to 
proper intermediate values of the correction c:7 as is 
obvious from the graph in fig. 9c. 








‘This was realized already by Bullialdus (Astron. Philol. 
p. 221); also Delambre, HAMA p. 193. 

* Cf. for this sij Kennedy, Survey, No. 84 and 23. 

* fol. 384" above column title. 
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The planetary tables (fol. 385” to 419") show exactly 
the same characteristics as the lunar tables, the main 
principle being reduction of the number of steps to a 
minimum, and norming in such a fashion that all cor- 
rections become non-negative.’ 

Using the notation of fig. 10 (E = equant,? S = planet, 
O = observer as in fig. 5) the true longitude of a planet 
is given by 


hewhs +048 


In order to find « and 8 one determines a “ first cor- 
rection ” (xpoérn dépOwo1s) wo; as function of the “ mean 
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longitude ” x, which is counted from the apogee A (péon 


kivyots) and with it the “adjusted” ( dcaxex pipe vy ) 
quantities 

K> K a W1 ( K ) 

a = & —w,(2). 


With these values as arguments, one can find 
Ag +8 = wo(a) o C(x) ‘n(a) 


where o, is the “ second correction” (Sevrépa dpOwors), 
n the “increment” (Aéov cai €Aarrov) and c the first 
or second “ coefficient” (Aexra yerxa), depending on « 
being = 180 or = 180. 





P 
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The tables for the “ second correction ”’ 
structed as follows. We have to distinguish two cases: 
(a) the epicycle being at the perigee P (pjKos éyy''repov ) 
and (b) at the apogee ( piKos TOppwTEpov ). In the Alma- 
gest XI,11 we find tabulated the equation 6 in the case 
of mean distance in column (6) (dvwpadias rpocbadat- 
peoes) from which one obtains the values for the perigee 
by adding column (7) (dudopa zpoobécews), and ihe 
values for the apogee by subtracting column (5) (dadopa 
From these columns w. is derived in the 


@. are Con- 


adaipecews ) . 
following way: 





for 








| - w. at P @s at A n (a ) 
0<a< 180 lay +(6) laa +(6)+(5) | (5) 
180 < aX 360 |An +(6)+(7) |Aa +(6) (7) 





This definition of w, corresponds exactly to the definition 
of w” in the lunar tables from two functions, one for 
minimum distance (quadratures), one for maximum 
distance (syzygies). The combined function represents 
always the smallest possible equation and consequently 
all subsequent corrections are positive. 


1 All tables can be derived numerically from the tables in the 
Almagest XI,11 with the exception of w: for Venus and columns 
(5) and (7) for Mercury. The coefficients of interpolation 
(Nerra yercka) are here much less accurate than in the Alma- 
gest, column (8). 

*For Mercury E is rotating (cf. Almagest IX,6). 


APPENDICES 27 


VOL. 50, PT. 2, 1960 


numbers have to be combined—with 
signs—exactly as in the Almagest, resulting in 


B=), 
B= b, 


The question whether the single components should 


These proper 


APPENDIX 8 
According to the Almagest the latitudes of Venus and 
Mercury can be found by the addition of three com- 


‘Cot Dot Cay + ers for Venus 


"Co + (b2 + 056° b2) +01: — C13 for Mercury. 


p ments : 


B= B1+ B2+ Bs. 
These components have to be computed as functions of 
anomaly a and mean longitude dQ in the following fashion. 
The tables in XIII,5 give two functions of a: 
b, (a) 
b.(a) 


be counted as northerly or southerly is regulated by a 
system of (onpeia) which are combined alge- 
braically exactly as our + and — signs. Both to cy and 
b, as well as to c,, and b, are assigned signs a or B 


“ signs’ 


depending on the semicircle of the anomaly or on the 
latitude of the center of the epicycle. A product of two 
equal letters is counted as northerly or positive, while 


€ykALots : 
Aogwots : 


and a sinusoidal function of its argument the product of two different letters indicates a southerly 
latitude or a negative contribution. This procedure con- 
stitutes a great simplification over the verbal rules for 
all combinations of cases in the Almagest. 

The second set of tables contains a tabulation of the 


following functions: 


c(6@) 


€EnKooTa : 


where 6=X or A +90 or A+ 180 in order to account 


for different combinations of northern and southern 


components. Disregarding these case distinctions for 


mpatov mAdTos: AerTa yeviKa c(A) 
mAaTos Bopecov } . iz 
7 ; . : b(a) as in Almagest (€yxAcors) 
mAuTtos voTvoy \ 
Sevtepov wAdtos: Aerta yevuxd =: C’(A) 
mAatos Bopetov } (0;10 for Venus 


b’. =— b. ) ae a oy" 
i. a )}+ 0;6- b.(a) —0;45 for Mercury 


mAatos voTuov \ 


w A , , 
OpFwoats mAaTous ; 


signs, we can formulate the rules given in. Almagest From these components, with proper signs, the final 


> 
XIII,6 as follows latitude is computed : 

B, = b,-¢ B=b,-c+)2-c +’. 

B,= ) b2-¢ ~ Venus Comparison with the relations resulting from the rules 
((b, + %ob2)e for Mercury of the Almagest show that one should expect 

2. = ) 0;10 ( 2 for Venus : ( 0;10) ; for Venus 

3 45 — oe = - ~»c(c—l1) , 

{ 0 ;45 \ for Mercury. ” ) 0:45 ( ad's for Mercury 


In our manuscript we have two sets of tables which 
concern planetary latitudes: one from the Sanjari sij,? 
another from an anonymous work? which is probably 
to be identified with the ‘Ala’ zij. The first set follows 
the procedure of the Almagest, except for some minor 
modifications. Also the second set is derived from the 


but the numerical agreement is bad, particularly since 
the period is one half of the period of c. I do not under- 
stand the reason for these discrepancies. 


* fol. 352% to 355* for Venus, with explanatory text from Book 
VIII ch. 3 (fol. 297°,15 to 297°,19) and fol. 355" to 358° for 


numerical material of the tables in the Almagest XII,5 
but with a slightly different combination of the single 
terms. 

The latitude columns in the Sanjari tables are num- 
bered from 9 to 13. Their headings are: 
9: Nerra yevika wAdTovs a: 
10: wAdros a: 
11: Aerra yevixa mAdTovs B: ¢1,(A)= sina 
12: rAdros B: 
,O;10/; |. of 
10:45 % 7OF 


13: extra rAdrovs y : C43 == 


Mercury, with explanatory text fol. 297°,19 to 298",4, 
* fol. 412" to 414" for Venus, fol. 420" to 422 for Mercury, and 
fol. 422" left. Example for Venus: fol. 263',11 to 263,21. 


Co(A)= sin(90 + 1)— (6) of Almag. 


b,(a) as in Almagest (€éy«Acots ) 


b.(a) as in Almagest (Adgéwars ) 
{ Venus 
/ Mercury. 
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Example for the computation of a solar eclipse: ? 
A.H. 695 XII 28, Sunday, (—a.p. 1296 Oct. 28) at 
Daras.? From the J/khani tables one finds for this day 
at noontime: 


Ao = 78 12;57° 
Ac = 7 14331 vq = 14;5°/4 


Yo = 1;1°4 


consequently the differences 


AA = 1;34° Av = 13;4°/4, 


The true conjunction therefore occurred 


24AX. 37:36 
= == —— = 2:53h 
Av 13:4 393 





before noon. This interval is called pijKos rijs wpas. 





For the given solar longitude and ¢ = 38° one finds * 
for the length of daylight 


C = 10;18" called % apa ris jpépas maéons 
and thus for the time from sunrise to noon 


c= 4C = 5 ;9h 


and for the moment of conjunction 5 ;9 — 2 ;53 = 2;165 
after sunrise. 


The moment of apparent conjunction, however, is in- 
fluenced by the longitudinal component of parallax. For 
this correction a table * called rijs 6pOccews trav wpédv Tis 
éyews has to be used. The horizontal argument repre- 
sents integer hours from 0" to 5"; the vertical argument, 
minutes from 3 to 60. The tabulated numbers are hours, 
minutes, and seconds, representing the moment of the 
apparent conjunction as function of the moment of the 
true conjunction,> both counted from noon. In the 
present case one finds for a true conjunction which 
occurs p = 2;53" before noon that the apparent con- 
junction falls vy = 4;21" before noon. Thus the middle 
of the eclipse is seen at c — v = 0;48" after sunrise. 

In order to determine the duration of the eclipse, we 
have to find the latitude of the moon at conjunction. 
Using again the //khani tables we find for the date in 
question and 2 ;535 before noon (i.e. at true conjunction ) 
the position of the ascending node: 1% 15;13°. Assuming 
a solar motion of about 1°/4 and an increase of elonga- 
tion of =4,AA = 0;5- 1 ;34 = 0;7,50° between true con- 
junction and noon. Thus the solar longitude at true 
conjunction was 78 12 ;57 —0;7,50 = 7 12 ;49° and thus 
the argument of latitude 


w = 7§ 12 ;49 — 18 15 313 = 58 27 536. 


With » as argument we find in the table ris épbocews 
tis oeAjvns™ in column 7 the true latitude (Adros) 


B—=+0;12°. 
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Again we have to find a correction for parallax. The 
author says * that he has prepared a “ épiaiov Kavévoy ” 
in which one enters with the argument v (here y = 4 :2]") 
and which gives a latitudinal parallax f’ such that 
B’ —B = B” is the apparent latitude at the apparent 
conjunction (Adres orepedv). In our case one finds ° 
B’ = + 0;26 thus B” = 0;26 —0;12 = 0;14°. Cf. 
appendix 10. 

With this “ final latitude” 8B” = 0;14° as vertical 
argument one enters a table for the duration of solar 
eclipses as prepared “ by Samps or indeed by any other 
competent scholar,” !° using as horizontal argument the 
lunar velocity, here vq = 14°/4. The result is the half 
duration (pa zecotea), i.e., the time from first contact 
to eclipse-middle, here 0 ;54°. 

The solar eclipse under discussion here is No. 5972 
of Oppolzer’s Canon. According to it the path of totality 
crosses Mesopotamia, beginning very close to the area 
of Daras."* Cf. also Schroeter, Sonnenfinsternisse, map 
86a. 


A similar computation for the lunar eclipse of a.n. 
694 VII 13 = a.p. 1295 May 30 (Oppolzer No. 3875) 
is given fol. 268°,17 to 269',31. The terminology is 
essentially the same as for solar eclipses. 

* fol. 270°,5 to 270°,27 and fol. 271*,7 to 272',4. 

"fol. 268°,19: eis modu Sdpas Hroe 7d 
Honigmann is wrong i declaring (Ostgrenze, p. 217) that Daras 
is not Dara in Mesopotamia but a place in the Crimea, since 
the astronomical data fit only Dara and exclude the Crimea. 
This is confirmed by fol. 271°, where ¢ = 38° is quoted for the 
latitude of raupés. 

*From the oblique ascensions for @= 36 (fol. 436%) and 
¢ = 41 (fol. 437") by linear interpolation. 

* fol. 425°. 

° Parallax at conjunction is a function of three variables: 
geographical latitude, solar longitude, and hour. Even if the 
present table were meant for a specific latitude (although not 
mentioned in the table) there is no entry for the solar longitude. 
Thus we are dealing with some compromise situation. 

° Since the elongation increases by 0;32,40°/" and since the 
time between true and apparent conjunction amounts to 1 ;285, 
the longitudinal component of the parallax must amount to 
almost 0 ;48°. 

7 fol. 343°. 

® fol. 270%,5 f. 

° The table is given on fol. 271% for ¢ = 38. 

? fol. 270°,14 f£.: 7d wapa cauy monbév eirep Tivds adoV Godw- 
ratov avdpos. A table of this type is found on fol. 428". 

? Honigmann, Oster. p. 16. The latitude of Daras (= Dara, 
near Mardin) is, according to the Russian World Atlas, only 
about 37 ;30, not 38. 


viv eyouevoy raupés. 
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In the computation of a solar eclipse enters a cor- 
rection for the latitudinal parallax at the moment of the 
apparent conjunction. This problem is discussed iol. 
271°,7 to 272’,4 in connection with the same solar eclipse, 
total at Daras, (A.p. 1296 Oct. 28) which is the subject 
of our Appendix 9. The results are tabulated on fol. 


271 (cf. table 3). 
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For the eclipse in question it was found (cf. appen- 


dix 9): 
apparent conjunction at A = 7* 13° = m13° 
time v = 4;20" before noon 
== 14;5°/d 
38°. 


lunar velocity v¢@ 


geogr. latit. @ 


Since Theon’s tables * of parallaxes are computed for 
the seven climata only, linear interpolation is used for 
¢ = 38 between clima 4 (¢ = 36) and clima 5 (¢ = 41).? 
The values for the latitudinal parallaxes are found in 
the tables of fol. 427%, 428° (also fol. 361 beside longi- 
tudinal parallaxes) with references to the beginning of 
the signs and the epicyclic apogee at syzygies (fol. 361: 








i © is TO pyxvotov phos). This gives the columns 2 to 
5 of our table; columns 6 and 7 are the result of inter- 


polation with respect to ¢, column 8 with respect to A. 


Numbers in [ ] are not given in the text. 


TABLE 3 


oe © 6 © © Oo ® 










































nAATOS = geogr. lat nNAATOS TaupEs a@patoy 
= @ of Daras KaVvoviov 
nours 
(be- |_ 
fore A= 
|noon)| 7* 
3 $ 
6 =i [0] (4° “ 
5 15 [o.]20f. 19,34) 
4 $$$ $$ —____— 
4 | 18 24[= 234] 
| 3 | 22 27.19.36] 
2 32[= 31,40] 
36[* 35K) 















39[* 3853] 





Column 8 contains, as is seen from the preceding 
analysis, the latitudinal parallaxes for ¢—=38 and 
= 13, for the hours before noon and the moon at 





apogee. The hours are once more listed in column 9. 
We now have to find the latitudinal parallaxes for a 
lunar position in which the daily velocity is 14;5°/4. 
To this end one has to use a table which is given on fol. 
358”. Its independent argument (cols. 1 and 2) is the 
lunar (or solar) anomaly. Column 7 gives the corre- 
sponding daily lunar velocity. Thus we can use this 
column as a column of entry if the lunar velocity vq is 
given, as is here the case. Column 12 is called zAéov 
€Aatrov idiov (or Aerra avepaXra on fol. 428"), i.e. parallax 
The values tabulated are 
(for a=—QO) 
given 


as function of anomaly a. 
coefficients c which increase from c = 1 
to c= 1:12 (for a= 180). In our case we are 
ve = 14;5°/4. We find in the table only the values 14;3 
(for a = 48 12°) and 14:8 (for a= 45 18°) but in both 
cases c has the value 1;10. This means that the lunar 
parallax for vq == 14;5°/4 is 1;10 times the parallax 
found in the tables for the moon in apogee. In this way 
we can now compute a column 10 in table 3 by multi- 
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plying the values in column 8 with the fixed factor 
c == 1 510. 

Thus we now know the latitudinal parallax for ¢ = 38, 
A= M13, vq = 14;5°/4, for integer hours before noon. 
A simple interpolation furnishes the value for the ap- 
parent conjunction, 4 ;20" before noon. The result ~’ = 
0;26° then gives the apparent latitude 8B” = ~’ — B at 
the middle of the eclipse (cf. appendix 9). 





‘fol. 361": épyov rod GaBavy. The values agree with the tables 
published by Halma. 

* Actually these latitudes are only rounded values; fol. 361° 
and 427° give for clima 4: @=36;22 (Almagest: 36;0), fol. 
428" for clima 5: @ = 41, fol. 361%: 41;14, Almagest: 40;56. 
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Book IV, Chapter 1 of the Sanjari sij ' gives the rules 
for the rising azimuth (Adros ris dvaroAjs) of the sun 
or stars, for given declination 8 and at given locality of 
geographical latitude ¢. If @ is the complement of lati- 
tude (zAdros réAcov) then the following general rule 
for the computation of the rising azimuth a is given: 


- , sin 8 
Sina = R =. 
>in 
Fig. 11 explains this formula. The upper half of this 


figure represents a meridian section of the celestial 
sphere, the lower half a quadrant of the eastern horizon, 
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Fic. 11 
Since OA’ = Sina = R sina for ON’ = R, we have 
for a star culminating at S at a declination ? 8 
OA’ Sina _— sind Sin 8 , sin 8 
(1) —_ = —=— ——__ =s———— OF sila = - 
ON K sing Sing cos } 
q. e. d. 


It also follows from fig. 11 that stars with § > ¢ are 
always visible, but never visible if 8 << — $ and further- 
more that a = 90 for 6 = @ which is the limit for circum- 
polar stars. All these cases are mentioned in the text. 


* fol. 285°,1 to 18. 
* weraxdors in the case of the sun, didoracis dwd rod redelov 
KUKXNou THs Huépas Or wAKos in the case of a star. 
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Let yo be the difference between half the longest day- 
light, measured in degrees, and 90° at a locality of geo- 
graphical latitude ¢. This quantity, called é6p@wo.s rév 
jpepov, is tabulated fol. 366” and again fol. 373” as func- 
tion of ¢ from ¢—0° to ¢ = 60°. Since y. refers to 
longest daylight, the solar longitude is assumed to be 
% 0°. For other longitudes the difference y between 
half the length of daylight and 90°, i.e. the “ ascensional 
difference,” is found by means of a coefficient * ¢ (yea 
Aerra) such that 


Sin y(A, ¢) = c(A) Sin yo(¢). 


The function Sin y (rpaxnAaia ris 6pOicews ta ijpepov) 
can also be found? directly from 
, din ¢ Sin } 


. — 


(2) Sin y = R ——._ = FR tan ¢ tan 6. 
/ Sin @ Sin 6 - 


For =e one obtains Sin y, which is also tabulated. 
The correctness of (2) can be seen from fig. 11, which 
shows that 
A’M = MS sin y = OA’ cos 6 = R sina sin ¢. 
Since MS = Rcosé we have with (1) 
sin 8 


R —— sin ¢@ = tan ¢ tan 8 
cos d 





; 1 
sin y = —— 
ne R cos 8 


q. e. d. 


1 Tabulated fol. 366° and 373¥. 
? fol. 285,19 to 285",3. 
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From Book V Chapter 2 of the Sanjari zij * we Jearn 
the exact definition of the term “ distance ’ 
Sidcraots) Of a star from the equator. One has accord- 
ingly to distinguish two cases: (a) The star lies in the 
Then the “ distance ”’ is the 


(pyKos OF 


ecliptic, at a longitude A. 
same as the “ first declination ”’ 
the point A, i.e., in modern terms, the declination of the 
star. (b) The latitude B of the star is not zero. Then 
the “distance” is given by 8+ 8. where 6, is the 
“second declination ”’ fig. 2 p. 
12). In other words, for non-ecliptic stars the 
tance” from the equator is not measured on a circle of 
declination but on a circle of latitude. 


(petakAtots mpoTtyn) Of 


( peraxALors devtépa ; cf. 


dis- 


It is of importance for the problem of identification 
of stars to realize this dichotomy in definition, as com- 
pared with the modern “ declination.’’ For the corre- 
sponding Islamic terminology cf. Nallino; Batt. II p. 324. 


1 fol. 286°,10 to 26. 
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Fig. 12 represents in its upper half a meridian section 
of the celestial sphere, in its lower half the horizon. 
E being the east point. Let S be a point of altitude a, 
S’ its projection on the horizon, S” 
plane. Then fig. 12 shows that 


on the meridian 


BA” = R sin atan @¢. 


This distance is called onpeiov ris poipas tis évaBdoews.? 
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i 
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Consequently, 
BO = S’T = BA” — OA” 


where OA” = R sina, a being the rAdros ris dvatoAjs 
(cf. appendix 11). BO is the é6p6wors roi onpeiov.? Finally 
. i S’T G: Pp 
sino = =~ = >—— or Sino = R= 
S’O- Reosa Sin a 
where Sin o is called TpaxnAata TOU onpeiov.” 
* fol. 289,25. 
* fol. 289¥,29. 
* fol, 290°,1. 
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The tables for lunar eclipses, fol. 359%, give digits 
(ddxrvAo.) and half duration of the partial phase (pa 
meoovoa ) and of totality (@pa oracews ) under the assump- 
tion that the moon is at the apogee of the epicycle, which, 
in turn, must be at the apogee of the eccenter jor the 
syzygies. The same table gives to each of these quanti- 
ties a correction ( dpOwors daxtvAwv OF opov respectively ). 
All these quantities are tabulated as function of the 
latitude of the moon for the moment of opposition. 

If the moon at this moment is not at the apogee of the 
epicycle then the table peraBdoews J wai € (fol. 358") 
gives a column Aerri rod aiOypepwod as function of the 
anomaly a. The tabulated numbers c(a) increase from 

(0) 0 to c(180) = 1. If d, is a value found in the 
eclipse table fol. 359% and d’ the corresponding cor- 
rection, then 


d=-d,+c(a):d’ 
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is the value which corresponds to a position of the moon 
at anomaly a. 

+The same table is found in the Almagest VI,8 under the 
title d:opAwoews xavériov (Heib. I, p. 522). The tabulated num- 
bers are called d:addpwv é&nxoord, corresponding to the Aerra 
avénuepivod in our text. 
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According to fol. 293',8 the tropical year which under- 
lies the Maliki calendar has the length of 365 ;14,27,20, 
36,474. The excess over 3654 is therefore a fraction of 
one rotation, namely 


c = 6,0 -0;14,27,20,36,47 = 1,26 :44,3,40,42°. 


This value, rounded to 1,26;44 or 1,26;44,4 is called 
(fol. 367°) TEpiovEia TOV Xpovev “excess of the years.” 
The mean value c is then modified by a correction c’ 
(6pJwors THS TEpiooeias TOV xpovwv) Which depends on the 
solar anomaly. On fol. 367° this correction is tabulated 
separately, whereas c+ c’ is given on fol. 429° as 
TEpioceia TiS TEpipopas TOD xpovov Tod JF “ excess of revo- 
lution of the solar year,” a terminology which reflects 


the Arabic fadl al-dawr “ excess of revolution.” ? 


‘Cf. Kennedy, Survey, p. 147; Nallino, Batt. I, p. 211. 


APPENDIX 17 
CODEX VATICANUS GRAECUS 1058, FOL. 261 TO 459 
GENERAL DESCRIPTION 


According to Heiberg, Byz. Anal. p. 170, our manu- 
script was written in the fifteenth century. Indeed, fol. 6 
contains a reference to “ the present year 6917 ” (= A.p. 
1408/9). The latest epoch year that occurs in the part 
of the codex investigated here is the year Yazd. 715 
(= A.D. 1346) as epoch for a catalogue of stars.‘ In 
the planetary tables the years Yazd. 721 (= a.p. 1352) 
and Yazd. 781 (= A.p. 1412) are specifically noted on 
the margin.? 

At least parts of the manuscript were prepared for 
use at Byzantium, as, e.g., the inclusion of a table of 
rising times for this locality * proves. Finally, however, 
the manuscript must have come to southern Italy, since 
we find some marginal notes * which give corrections 
“ Calabria.” ° 

Beside the table of contents, which had been given by 
Heiberg (1899) in his Byz. Anal. p. 170-172, a short 
summary was published by Tannery (1888) in his 
report on a mission to Italy.* A very close parallel to 
our text is Vat. gr. 211, fol. 122 to 233 which is described 
in vol. I of the Cod. Vat. Graeci, p. 264-269. 


flor the geographical longitude of 


1. A closer inspection shows that the text is of a 
rather composite character. A first section (fol. 261 to 
273°) is obviously related to the ‘Ala@7i zij," which is 
quoted on several occasions, though there are also 
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references to the Sanjari sij,° the Ilkhani zij,° and to 
the methods of Shams ad-Din of Buchara.’® The exam- 
ples in this part concern the years A.p. 1295/1296, in 
particular a lunar and a solar eclipse computed for the 
circumstances at Daras in upper Mesopotamia.” 

The tables which belong to these examples form the 
second part of the collection of tables that follows the 
introductory text, namely the tables from fol. 375" to 
at least fol. 422”. These tables are normed for the epoch 
year Yazd. 541 (= a.p. 1172) and for the meridian of 
84°. Tables and computations are based on Persian 
years. It seems plausible to assume that at least the 
tables come from the ‘4]a@7i si). 


2. On fol. 273¥ the introductory text changes abruptly 
to a summary, or translation, of the Sanjari sij, ex- 
tending to fol. 316" and covering all its twelve books, 
each of which contains several chapters and subsections, 
Comparison with the summary given by Kennedy in 
§ 12 of his Survey shows that our version is not identi- 
cal with the Arabic version,’* in spite of a close paral- 
lelism in the major layout. 

The tables which belong to this part of our manu- 
script form the beginning of the set of tables, i.e., fol. 
332 probably to fol. 366". The epoch year for the 
motions of the celestial bodies is A.11. 421 (= A.p. 1030) 
and the years are always Arabic lunar years. The epoch 
of the star catalogue (fol. 363") is a.m. 509 (= A.p. 
1115/6). 

Examples for the use of the Sanjari sij are given on 
fol. 322" to 325", concerning again the vears A.D. 1295/6 
as is the case for the ‘Ala’7i sij and also the year A.p. 1254 
with a reference to Shams ad-Din of Buchara. This 
shows that it is not accidental that text and table of 
the ‘A/a@7i 27] are combined in the same manuscript with 
text and tables of the Sanjari sij7. Shams ad-Din, who 
is once ** called “ our teacher’ apparently transmitted 
both methods to the author or scribe of the present work. 


3. Between the summary of the Sanjari sij and the 
examples are inserted a few pages (fol. 316 to 321) 
which have nothing to do with the astronomical tables. 
They form a primitive treatise on elementary astro- 
nomical concepts, with a philosophical introduction on 
matter and motion on Aristotelian lines. This whole 
section is uninfluenced by Islamic astronomy. 


4. Following the examples which belong to the San- 
jari sij are pages which hardly belong to the major 
section, although they are related to Islamic astronomy 
(fol. 326 to 331). The main subject concerns the 
arrangement and computation of ephemerides, with ex- 
amples for the year A.w. 701 (= A.p. 1302). A con- 
cluding paragraph deals with the Uighur calendar for 
the year a.p. 1290. 


5. Besides the two major sijes the tables contain 
material which probably was added more or less acci- 
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dentally to these works. Astrological material is con- 
tained in the tables fol. 367 and 369; the tables of 
ascensional differences are given in two versions (fol. 
366” and 373”); a table for the pseudo-comet al-kaid 
(fol. 374) intruded just at the beginning of the ‘Adlai 
tables and at the end we find, after subsidiary astro- 
logical and trigonometric tables (fol. 429 to 440), a 
catalogue of stars for Yazd.715 (= A.p. 1346), a version 
of Abi Matshar’s Paranatellonta (fol. 454 to 457), fol- 
lowed by a list of “ famous cities” (fol. 458 and 459). 


1 fol. 441". A star catalogue with exactly the same date is 
probably the work of Eleutherius Eleus; cf. CCAG a1, 26 
note 1, p. 54 fol. 266"; CCAG 6, p. 2 fol. 30, p. 51, fol. 149. 

* fol. 379°, 384", 392”. 

* fol. 438’. 

* fol. 378", 382", 416". 

* Cf. the index of geographical references (p. 39). For the im- 
portant connection between Byzantium and Calabria see Setton, 
Byz. Backgr. 

°Mém. Sci. 2, p. 316 f. 

7 Kennedy, Survey, No. 42; the accurate date of this work is 
unknown. 

® Kennedy, Survey, No. 27 and summary § 12; the author is 
al-Khazini (about a.p. 1120). 

® Kennedy, Survey, No. 6 and summary $13; the author is 
Nasir ad-Din at-Tisi (about a.p, 1270). 

1° As Suter (MAA p. 161, No. 397, and p. 219 note 80) sug- 
gested, this is probably the same person as Shams ad-Din Mirak 
al-Bukhari; cf. also Kennedy, Survey, p. 129, No. 25. 

11 Three examples (fol. 265", 266") for the year a.p. 1341 are 
suspect, since the given lunar positions do not agree with this 
date. 

12 Cod. Vat. Arab. 761. Cf. also Nallino, Batt. I, p. 279 ff. 

*® fol. 268°,31. 
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The numbers refer to the folics of Vat. Gr. 1058; numbers 
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263',20 Example: latitude of Venus (for a.p. 1296 
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266',18 Example: Roman year 1652 (= a.p. 1341) 
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267',7 Syzygies, time 
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267,24 Lunar latitude, ascending node 
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269°,6 Condition for diameters 

269",8 Method (of Shams of Buchara) ; Sanjari and 
‘Ala@i sij 

270°,5 Example for a.u. 695 XII 28 (= a.p. 1296 


Oct. 28) at Daras ; [/khani zij 

270",28 Rules for linear interpolation in the tables of 
latitudinal parallax with respect to ¢, longi- 
tude, lunar velocity, and hour 

Example for the solar eclipse of a..695 XII 28 

= A.D. 1296 Oct. 28) at ¢ = 38 (Daras) 

Solar longitude according to the Short Tables 
of Shams of Buchara 

272,29 Similarly for the planets 

273°,15 Use of the trigonometric tables 

273°,7_ The stars in the astrolabe 


271%,7 





asa’ ,5 


273°,20 Sanjari sij. Table of Contents 
274,24 Book I. Table of contents; Chronology and 
Calendars 
Chapter 1. Norm for days, months, and years; 
Arabic years 


bdo 
NI 
> 
S) 


275",5 Chapter 2. (1.) Arabic years 

2754 2. Years of al-Mu'‘tadid 
275',8 3. Roman years 

275°,18 4. Yazdigird years 

277" 12 5. Maliki years 

as?*,23 6. Era Nabonassar, Hijra, and 


Yazdigird 


277°,27 7. Era Philip and Yazdigird 

277',30 Chapter 3. (1.) On the first days of years and 
of months 

278',3 2. Days of months 


278',14 Chapter 4. Weekdays, years 
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279° ,21 


280°,9 
280',16 
280", 1 
280",12 
280" ,27 


281",15 


282",5 
282",13 
282", 1 
282",4 
282¥,28 
283",10 
283°,1 
283",13 
283,29 
283",32 
284",2 
284",14 


284",22 


284", 1 
284",11 
284¥,29 
285',1 


285',19 


285" ,4 
285,18 
285,23 
286',3 

286',13 
286',19 
286,27 
286" ,4 


286,10 


286° 26 
287',6 
287',27 


287°,7 
287¥,12 
287*,26 


PT. 2, 





1960 | 


APPENDICES 


1. Weekday of the first day of 
years and of months 

2. Arabic years and Roman, Per- 
sian, Maliki years 


Chapter 5. Easter and other Feasts 


. The lunar mansions 

Christian feast days 

Christian feast days, contin. 
Islamic Easter and other feast 
days 

Persian Easter and other feast 
days 

6. The Persian names of the days 
7. (Syrian) Christian feast days 


RON 


wa | 


Book II. Trigonometric Functions 


Section 1. Rules 


Section 2. 


for linear interpolation (1.) 


(2.) continued 

(1.) Definition for Sin 6 and sagitta 
(2.) Are and Sin é 

(3.) Are and sagitta 


Section 3. The shadow function (12 - cot 6) 
Book III. Table of Contents 


Chapter 1. 
Chapter 2. 


Chapter 3. 
Chapter 4. 


First and second declination 

Determination of the geographical 

latitude 

(1.) from culmination of sun or star 

(2.) from always visible stars or 
from sun at solstices or equi- 
noxes 


Altitude of sun and of stars 


Rising time for sphaera recta 


Book IV. Table of Contents 


Chapter 1. 


Chapter 2. 


Chapter 3. 


Chapter 4. 


Azimuth of rising point of sun or 


stars 

(1.) Length of daylight from ascen- 
sional difference y 

Example for ¢ = 45, A= 5. 0° 

(“ Scholion of Brana ’’) 

(2.) sagitta of y 

(1.) Length of daylight and night 
(2.) Equinoctial and seasonal hours 
Oblique ascension 


Book V. Table of Contents 


Chapter 1. 


Chapter 2. 


Chapter 3. 
Chapter 4. 


Longitude of fixed stars, precession 


Alternative procedure by Shams (of 


Buchara ) 


Distance of fixed stars from equator 


(1.) 
(2.) Alternative procedure 
Simultaneously culminating degree 


Simultaneously rising degree ; 


(1.) rising 
(2.) setting 


Chapter 5. Time of rising 
Book VI. Table of Contents 





287° ,30 


288',16 


288',23 
288',28 
288",8 
288" ,22 
289',3 


289',8 
289',18 
289" 22 
289° 30 
290',7 
290',15 
290",5 
291° 
291',12 
291°,11 


292',31 
y 2! Be 


292",28 
293",6 
293,16 
293",4 
293,10 
294,25 
294,18 
294¥,20 
295',4 


295",13 
295",16 


296',15 


296° ,27 
296", 1 

296" ,11 
296" ,12 
296° ,26 
297,15 
297° ,19 


Chapter 1. 
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Arc since sunrise from altitude 

at given moment 

Altitude at given moment from 

are since rising 

(3.) At night 

Procedure by Shams (of Buchara) 

(4.) Seasonal hours since rising 

(1.) Hour from rising times 

(2.) Rising times from culminating 

point 

Arc since sunrise or sunset 

The 12 loci 

(1.) Altitude and circle of declina- 

tion 

(2.) continued 

(3.) Case of the polar region 

Determination of the terrestrial 

meridian 

Determination of the qibla 

Table for the qibla for 30 cities 

Table of Contents, quoting ‘Abd ar- 

Rahman al-Khazini 

Computation of mean motion from 

the tables for the longitude 90° East 

(1.) Motion in longitude 

(2.) The apogees 

Correction for geographical longi- 

tudes different from 90°. (1.) In 

general 

(2.) astrological practice 

(1.) Maliki years, Roman and Per- 

sian years 

) Days of the week 

) Ordinary and intercalary years 

General description of the solar, 

lunar, and planetary tables 

Book VIII. Table of Contents ; general arrange- 
ment of the argument of the tables 

Chapter 1. On the longitude of sun, moon, and 


(1.) 


_—~ 
bo 


Chapter 2. 


Chapter 3. 
Chapter 4. 
Chapter 5 


Chapter 6. 
Chapter 7. 
Book VII. 


Chapter 1. 
Chapter 2. 
Chapter 3. 


(2. 
(3. 


Chapter 4. 


planets 
1. Computation of the solar longi- 
tude 


2. Computation of the longitude 
and latitude of the moon 
3. The lunar nodes 
4. Computation of the longitude 
of the five planets 
Chapter 2. On direct and retrograde motion. 
(1.) First and second station 
(2.) Duration of direct motion 
(3.) Duration of retrogradation 
Chapter 3. On latitudes 
1. Lunar latitude 


2. Latitude of the outer planets 
3. Latitude of Venus 
4. Latitude of Mercury 








34 
298’,4 Chapter4. On solar and lunar velocity and 
diameter (1.) Definitions 

2987,9 (2.) Solar diameter from velocity 

298° ,13 (3.) Lunar diameter from velocity ; 
shadow 

298" ,20 (4.) The diameters by means of 
the tables 

299',1 BookIX. On Parallax 

299',3. Chapter 1. 1. Angle between ecliptic and circle 

of altitude at the ascendant 

299',13 2. At general position 

299',18 3. On the three cases of angles 

299v,14 4. Parallax, from the tables 

299V 27 5. Components of parallax in longi- 


tude and latitude 


300'.4 Chapter 2. Parallax from Theon’s tables. (1.) 
Use of the tables 

300',25 (2.) continued 

300",7 (3.) f 

300",19 (4.) Interpolation for geographical 
latitude 

301",5 (5.) Correction for lunar anomaly 

301°,12 Chapter 3. (1.) Direction of the longitudinal 
parallax 

301°,17 (2.) Direction of the latitudinal 
parallax 

301°,6 Book X. On conjunctions and oppositions of 

sun and moon 

301",8 No.1. (1.) Determination of the hour 

302',10 (2.) Variant 

302',15 (3.) Determination of the longitude 

302",2 No.2. Lunar eclipses 

302”,3 Chapter 1. Whether an eclipse will occur or 

not 

302’,5 1. Conditions for latitudes 

302,12 2. Condition for diameter 

302”,18 3. Partial eclipses 

302”,30 4. Duration of the phases of an 
eclipse 

303',11 5. Duration of totality 

303",26 Chapter 2. Lunar eclipses from the tables; 

(1.) Magnitude 
303”,15 (2.) Time of the eclipse 


303",22 No. 3. Solar eclipses 


303",23 Chapter 1. Introduction 

303”,31 1. Interpolation of parallax for 
geographical latitude 

304", mrg.3 2. Interpolation of parallax for 


longitudes within a zodiacal 
sign 
3. Correction for lunar anomaly 


304',mrg.14 


304",3 Example of interpolation for paral- 
lax at ¢ = 38 and AMN— {25 
304,13 Chapter 2. Introduction 


1. Methods of computation ; correc- 
tion for parallax 
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305°,6 
305¥,34 
306°, 19 


306",16 
306”,17 


307",4 
307',9 
307',15 
307',33 
307°,4 
307°,10 


307°,2 
308" 4 
308',31 

309",17 
309° ,2 
309°,9 

309°,17 


309" ,25 


309",8 
309", 
310°,2 
310°,6 
310°,22 
310°,8 
310°, 
310°, 


a1i*,1S 
311',30 


311°,13 
311°,18 
312',1 

312',10 
Siz’,11 
313¥,10 


313¥,31 
31478 
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2. Whether an eclipse will occur or 
not; magnitude 
(3.) Duration ; magnitude, linear and 
area 
Book XI. Visibility of moon and planets ; Intro- 
duction 
Chapter 1. Visibility of the moon 


1. Position of sun and moon at 
sunset 

2. Parallax 

3. Equation of time 

4. Correction for latitude 

5. Ripeness of the crescent 

6. Delay of moonset after sunset 

7. Arc of sun below horizon at 
moonset 

(8.) Altitude of the first crescent 


First visibility of the moon; four 

angles 

First visibility of the moon. (1.) 

(2.) Different criteria 

(3.) continued 

First visibility of the moon. (1.) 

(2.) By observation with an instru- 
ment 

First and last visibility of the planets. 


Chapter 2. 


Chapter 3. 


Chapter 4. 


Chapter 5. 


(1.) Introduction; visibility limits 
according to the Hindus and to 
Ptolemy 


(2.) Appearance and disappearance 
from tables 
(3.) Date of appearance and disap- 
pearance 
Chapter 6. First visibility of the moon 
1. Criterium for visibility 
2. Variant 
Introduction on the operation with 
years for astrological purposes 


Book XII. 


(1.) On rising times and ascen- 
sional differences 

(2.) Entry of the sun into a zo- 
diacal sign 


Chapter 1. 


(3.) Excess of revolution 
(4.) Rising times for different lo- 
calities 
Chapter 2. On the configuration of the celestial 
bodies 
(1.) Distance from a center 
(2.) Latitude of the circle of motion 
(3.) The aspects 
(4.) Further astrological applica- 


tions 
On the motion of hyleg ; introduction 
and table 
1. The arc of motion of the hyleg 
(2.) The degree of the hyleg 


Chapter 3. 
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315*,1 Chapter 4. On the motion of the astrological 
TUX 

315%,4 1. The three types of motion 

315%,25 2. continued 

316',4 3. continued 

316',10 4. continued; end of the Sanjari 

si). 
316',24 On the shape and matter of the stars 
316".8 On motion 


316°,28 On the circular motion, obliquity of the ecliptic, 
list of stars in constellations 


318',14 The motions of the celestial spheres 

318",8 The sun 

319°,25 The spheres of the moon 

319",12 The spheres of the planets from 


Saturn to Venus 
Mercury 
Stations and retrogradations 


319*,28 
320'.6 

320°,17 
320°,29 


320.14 


Latitudes 

Parallax 

The lunar phases 

320°.24 Lunar eclipses 

320",30 Solar eclipses 

321" (except for two lines) and 321%: blank 


322',1 On the determination of the positions of the 
celestial bodies according to the Re- 
liable Sanjari ztj 

322'.2 Longitude of the sun 

322°,6 Example for a.w. 695 VI 10 (= 

A.p. 1296 Apr. 15) 
323'9 Day of the week 
323°,8 Example for a.w. 694 VII 24 (= 


A.D. 1295 June 10) 
323",28 Longitude of the sun, method for the Sanjari 
sij of Shams ad-Din, for Buchara, 
A.H. 652 IV 22 (=a. 1254 June 
11) 
324°,12 Position of the moon for A.H. 6521 IV 22 (a.p. 
1254 June 11) for Sanjari sij 


325*,1 Position of Saturn for aA.w. 652 IV 22 (—a.D. 
1254 June 11) 

326'.15 On the arrangement of tables 

326',16 Chapter 1. Classification of zodiacal 


signs 
List of abbreviations 
Arrangement of lines and 
columns in tables 
Chapter 4. Use of red and_ black 
writing 


326°,26 
326°,32 


Chapter 2. 
Chapter 3. 


326,18 


326,32 On the composition of an ephemeris 

327',17 Example: ephemeris beginning with 
a.H. 701 VII 11 (=a. 1302 
March 12) 


327',21 Parameters at epoch 


APPENDICES 35 


Saf" S Ephemeris for the sun 

328",16 Ephemeris for the moon 

329",5 Ephemeris for Saturn and the other 
planets 

330°,11 The ascending lunar node 

330°,18 Hours and geographical longitude 

330,27 Ephemeris for Mars when retrograde 

330" ,29 Aspects 

331°6 The beginning of Arabic months. Example: 


Ramadan of a.w. 701 (= a.v. 1302 
Apr. 30) 
3317.31 On the entry of the moon in a zodiacal sign 
331°,18 On the years of the Mongols, Chinese, Uighur, 
with example for the year Alexander 
= Sel. era) 1613 (= a.v. 1301/2) 


B. Tables 


332 days in months: Arabic, Persian, Syrian, Maliki; 
days of week 
333" concordance between Arabic, Persian, Roman, and 
Maliki years 
333” entry of the sun into lunar mansions for the Roman 
year (= Seleucid era) 1386 (= a.p. 
1075/6) ; Christian feasts 
334° extremal and mean motions of the seven planets ; 
retrogradations; general rules for 
the composition of an ephemeris 
334¥,335* epoch values for sun, moon, planets, and pre- 
cession for 30 Arabic years, begin- 
ning with a.w. 421 (= a.p. 1030) 
335" ,336" single years 
336",337' months and hours 
337°,338" single days 
338” coordinates of “ famous cities” 
339" equation of time 
339°,340° sun, equation of center 
340” to 343" moon, equations and latitude 
343” to 346" b, equations and latitude 
346” to 349° 2f, equations and latitude 
349” to 352" 4, equations and latitude 
352” to 355" 2, equations and latitude 
355” to 358" &%, equations and latitude 
358” velocities, apparent diameter, for sun and moon 
359° planets, phases for clima 4 
359” lunar eclipses; magnitudes, duration 
360° parallax in altitude, for syzygies only 
360" to 361” parallax in longitude and in latitude for 
climata 3 to 5 
362' magnitude of solar eclipses and corrections for 
variable lunar distances, horizontal 
parallax (?) for climata 3 to 5 
362” lunar visibility as function of anomaly and visibility 
conditions 
363 depression of the sun, altitude of the moon, for first 
visibility 
363” to 364” mean motions of the seven planets in months 
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of the Maliki calendar; fixed stars 
for 1427 (Seleucid era) = a.u. 509 
(= a.p. 1114/5) 

364",365" chronological tables for Maliki years (in 20- 
year steps) and the Roman, Persian, 
Arabic calendar; motion of «dir 

365” Sin 6 and Cot 6 

366° first and second declination of the sun (cf. fol. 430”) 

366” ascensional differences (cf. fol. 373”) 

367° to 368" “ excess of revolution” and related astro- 
logical tables 

368" planetary periods 

369 beginning of Arabic years; explanatory text for 
astrological purposes 

370° to 371" weekdays for Arabic, Persian, Jewish years 

371¥ to 373" chronological tables for the Roman, Arabic, 
Persian calendar 

373¥ ascensional differences (cf. fol. 366") 

374 «air (published: Jour. Amer. Orient. Soc. 77: 213) 

375° to 376" mean motions and epoch values for the seven 
celestial bodies, for Yazd. 541 (= 
A.D. 1172) and for geogr. long. 84 ? 

376” blank 


sun : 377* epoch values for mean motion and apo- 
gee, for 30 Persian years, single 
years, and hours 
377*,378' mean motion for months and days, 
correction for geogr. long. 
378° ,379" anomalistic motion 
moon : 379° epoch values for mean motion of X, 4, 
elongation, for 30 Pers. years, single 
years 
380° to 382" mean motion for months, days, 
hours ; correct. for geogr. long. 
382” Ist correction 
383 2nd correction 
384 increment and coefficients 
384",385" ascending node, mean motions; 
correct. for geogr. long. 
Saturn: 385” epoch values for mean motion of A, 4 


for 30 Persian years, single years, 
hours 
386" to 387’ mean motion for months and 
days; correct. for geogr. long. 
387%, 388" 1st correction 
388” for perigee, 2nd correction 
389° for perigee, increment and coefficients 
389" for apogee, 2nd correction 
390° for apogee, increment and coefficients 
390",391" Ist and 2nd stations 
391¥,392' latitude 


Jupiter: 392% to 399", arrangement as with Saturn 
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Mars: 399" to 406", arrangement as with Saturn 
Venus: 406" to 412", arrangement as with Saturn, 


except for latitudes: 
412",413" ist latitude 
413’,414° 2nd latitude 


Mercury: 414* to 422', arrangement as with Venus 


422” correction for latitude of 2 and % ; diameters of 
the planets 

423" reciprocals of hourly increase of anomaly for the 
planets 

423” 24 divided by length of daylight 

424° solar motion for hours and for minutes as function 
of the daily velocity 

424” lunar motion in latitude for eclipses for 30 Arabic 
year, single years, and months, be- 
ginning with a.H. 301 (= a.p. 913) ; 
ecliptic limits 

425° ecliptic limits, correction of the time of conjunction 
for longitudinal parallax 

425*,426" solar and lunar diameter; sum of radii of 
shadow and moon as function of 
lunar and solar velocity 

426" eclipse magnitudes as function of lunar diameter 

and latitude 

427" duration of lunar eclipses 

427’,428" parallax in latitude for climata 2 to 7 

428” eclipse magnitudes 

429° to 430" “ excess of revolution ”’; 

430” 1st and 2nd declination of the sun (cf. fol. 366") 

431" to 433" lunar latitude, Tan 8, noon altitudes of the 
sun, shadow lengths, Sin 6, sagitta 


évadAay7 


433” to 438" rising times for sphaera recta, 7 climata, 
and Byzantium 

439° to 440” sexagesimal multiplication tables 

441° to 453” catalogue of stars for era Yazd. 715 (= A.D. 
1346) giving A, B, magnitude, and 
Kpaots 

454" to 457% paranatellonta [from Aba Ma‘shar; cf. 
Acad.royale Belgique, Bull. Cl. des 
lettres 5¢ sér., 48: 133-140, 1957] 

458° to 459 “ famous cities ”’ 

460° beginning of a treatise on the astrolabe * 


1 The text says incorrectly a.u. 695 IV 22 (= a.p. 1293 Apr. 
2) = Roman year 6800 (ie. Byzantine World Era), then a.H. 
692, but finally computed for a.H. 652. 

* The same data apply to all tables from fol. 377" to 422’. 

* By Nicephoras Gregoras (as Tannery recognized) ; cf. A. 
Delatte, Anecdota Atheniensia II: 195 ff., Paris, 1939. 
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A.D. 
1143 April 


1254 June 11 
1292/3 
1295 May 30 


1295 June 10 
1295/6 


1296 Feb. 10 


1296 Feb. 12 
1296 April 15 
1296 Oct. 28 


1297(?) July 16 


1301/2 


1302 March 12 


1302 Apr. 30 


DATES QUOTED IN VAT. GR. 1058, 
FOL. 261 TO 459 


The numbers refer to the folios 


A. SPECIFIC DATES 


Roman year (= Seleucid era) 1454 
Nisan 22: 280',23 f. 


A.H. 652 IV 22: 323°,31/324',1 (longi- 


tude of the sun) 

325",2 (longitude of Saturn) 
A.H. 692: 324”,14 
AH. 694 VII 13: 

eclipse ) 

A.H. 694 VIT 24: 323",8 f. (weekday ) 

A.H. 695 = Roman year (Byz. World 
era) 6803: 324,13 

Yazd. 665 II 10: 261',16 (longitude 
of the sun) 

262',1 (longitude of the moon) 
Roman year (Byz. World era) 6805 

Feb. 10 = Yazd. 665 II 10: 263',1 f. 

(latitude of Jupiter) 

Yazd. 665 II 12: 263°,29f. (station 
of Saturn) 

A.H. 695 VI 10: 322°,6f. (longitude 
of the sun) 

A.H. 695 XII 28: 270°,6f.; 
(solar eclipse ) 

Roman year 168(?) (error for 1608 
Sel. era?) July 16: 285°,4 f. (entry 
of the sun into Leo) 

Roman year (= Sel. era) 1613: 3319, 
23 
Roman 
331°,20 

A.H. 701 VII 11: 327°,19; 328',20f. 
(longitude of the sun) 

328,30 ; 329°,20 f. (longitude of the 

moon ) 

329",7 f. (longitude of Saturn) 
A.H. 701 Ramadan (IX) 1: 331',8 


268",18 (lunar 


271°,8f. 


years from Alexander: 


38 


1341 Aug. 16 and 17 Roman year (= Sel. era) 1652 


1341 Aug. 21 


1352 


1376 July 17, 1379 May 16, 1386 Jan. 1: 


1412 


B. 
A.D. 
622 
632 
913/4 
1030 
1058 


1075/6 


1115 


1171/2 


1172 Feb. 1 


1302 March 12 


1346 
1367 Sept. l 


Aug. 16 and 17: 266°,18,21; 266y, 
24,25 

Roman year (= Sel. era) 1652 Aug. 
21: 266',9 

Yazd. 721: 384*,marg.; 392’,marg. 

solar eclipses ; 
cf. p. 7 s.v. ddxrvAos, note 6 

Yazd. 781: 379°,marg. 


EPOCH YEARS IN TABLES 


A.H. 1: 336°/337" (apogees of the sun 
and the planets ) 

Yazd.1: 374°; 377* ; 379% ; 384” ; 385: 
392” ; 399"; 406"; 414” 

A.H. 301: 424” 

A.H. 421: 334¥ 

A.H. 450 = Yazd. 426 = Roman year 
(= Sel. era) 1369: 333" 

Roman year (= Sel. era) 1386: 333°,3 

Roman year (= Sel. era) 1386 = 
Yazd. 444 = a.H. 467 = era Me- 
lixa 0: 364" 

A.H. 509: 286',29; 286",4 

A.H. 509 = Roman year (= Sel. era) 
1427: 363° (longitudes of fixed 
stars ) 

Yazd. 540 = Roman year (= Sel. era) 
1482 = a.H. 566: 372” 


Yazd. 541 (10) Tuesday: 375"; 376° 


(values of all parameters for the 
following tables ) 

A.H. 701 VII 11 = Adar (VI) 12 = 
March 12=— Khordad (III) 12: 
327',19 f. 

Yazd. 715: 441" (catalogue of stars) 

A.M. 6876 (= Byz. World 
p. 7 s.v. daxrvdos, note 6 


era): 





| 
| 





GEOGRAPHICAL REFERENCES IN 
VAT. GR. 1058, FOL. 261 TO 459 


The numbers refer to the folios? 


3uchara see provyapa 
Bv€avriov: d = 43 for the clima 8 Bvfavriov: 438” 
To vov Aeyopevov tavpés: ZO8",19 
Taupes : 270°.8 
= 38: 271°,11, table; 304°,9f., marg. 3 


| == 82: 2/2",22 


dapas : 


| = 72; according to ‘Al@i and Sanjari sij : 272%, 


23 
THS TOAEWS ijpav TO TAdTOS jv ToGo Ay’: 301%,4 
Odracoa THs S’oews: 323°,31 
kadaBpia: 1 = 38: marg. notes 378',416' 
= 38 (error for 39): 382',marg. 
1 = 39 (error for 38) : 382',marg. 
kwvotavtworods : 265%,10 
l= 49;50: 261’,16f. 
@ = 45: 265°,17,27 f. 
{J = 56]: marg. notes 378", 382! 


PaKKG : 290" ,9,13,16 ete. 
1 = 87, 6 = 39: 323",30f. 


Tavpes S€€ ddpas 


pTrovyapa ; 


Latitude : d = 33: rod pécov THs oikoupevns : 311,11,13 
@ = 37 (error for 38): 307°,18 
d = 38 see dapas 
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Longitude: / = 52: marg. notes 378", 382! 

1 = 84: for ‘Alai sij: 261°,14; 261°,13 f. 
for epoch values of tables: 375"; 376°; 
379% ; 384" ; 385” ; 392" ; 399" ; 406" ; 414" 

l= 90: for Sanjari sij: 291,15; 324',3 


Geographical lists: qibla for 30 cities: 291' 
modes éxionpo: 338%; 458" to 459" 


’ 


*Excluding names from lists of “famous cities” and from 


the “seven climata”; cf. also ujKos (p. 12). 
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PERSONAL NAMES AND WORKS 
QUOTED IN VAT. GR. 1058, FOL. 261 TO 459 


The numbers refer to the folios? 


GBSovApaxpav 6 yxalnvys: 2917.13; cf. also CCAG 5,3 p. 
145,11 f. 
éday ovvragis: 2617,14; 261%,10; 265°,12f.; 268°,5,23; 
269",12 f., marg.; 272%,23 
adé~avdpos: of ypdvot Tév pwpaiwy am’ adcEdvdpov: 331°,20 
TO €TOS TOD piArimrov Tod GdeAGod Tod dArcEavdpov 
Erépov Twos peta TovTov Tod Etous: 277',27 f. 
€rovs tod dAcEdvdpov: 277',7 
Bpava: oxoAvov tod Bpava: 285,4 
Bpaxeia ovvrakis See capy 
eAkyvy ovvraéts : 261,11; 268",19 f.; 270°,8 
OaBav 6 ddrcEavdpnves : 300°,5 f. 
baBavy: 360°, 361° 
iaodaxepd : 277°,7 ,26 
ivdoi: kara tovs ivdovs (or similar) : 309°,1 ; 312'°,6; 374°; 
454° to 457", passim 
Aart povyres TO Tupl: 275°.8; 276°,5 
papov & xadkupa: 317°,15 
perc&G : xpovor OF ppves TOD GovATdvov pedéa : 277714; 332". 
332”, 364", 365° 
povyovAlor: xpovor tov povyovAiwy: 331%,18 
povoovApavor: 274%,9 
puliaorn : 363%; cf. also mroAepaios 
podped: 6 doeBys p.: 275',23 f. 
pwtader: Tod pwrader oi ypovor: 275°,4 
vaBovyodovecop : 277*,23 
vaovpy: xourta v.: 3177,16 
ovyoupio.: xpovor Tév ovyoupiwy: 331°,19 
mrodepaios : 309%,3; 311%,20; 312%,13; 317°,13; 317°,3£.; 
454" to 457", passim 
ard tis BiBrAov rod mrodeuaiov Tis Aeyouevov 


potvaornp : 360°,26 


269",31; 270",14; 288',28 
capy provxapy: 268',20; 269',13 
Tapa Tob é“od didacKxdAov Tod capi: 268" ,31 


odpy : 


‘ a , sx a , a = - 
amo Tis Bpaxeias cuvTagews Tod capil provyap7, : 2/2", 


5 f. 
 Wndhynpopia aitn Tod yeveOALaAoyKod Tod Gapwarivov 
dro roAews provxapa : 323%,29 f. 
cavrlapy avvragis: 268',22; 269°,12; 271%,1; 272',30; 
272°,23; 323°,10; 323%,28; 326,24 
dopadns oivtaéis Tod cavrlapy: 322°, 
1 f.; cf. also CCAG 1 p. 89,2 f. 
catavas: 290°,30 
hirimros see adéEavdpos 
xalavy : 310°,4 
xaTal: xpovo tev yataidwv: 331°,19 
xourla see vaovpy 
‘Abd ar-Rahman al-Khazini, author of the Sanjari si] 
see aBdovApayxpav 
Almagest see pufiacry 
Isaac Argyros see p. 7 s.v. ddxrvAos, note 6 
al-Khazini see adBdovApaypav and yxalavi 
al-Mu'‘tadid see pwradér 
Nabonassar see vaBovxodovdcop 
Nasiri ed-Din at-Tusi see vaovpy; cf. also CCAG 5,3, 
p. 146,2 and Usener, Kl. Schr. III, p. 342 
Shams see oapy 
Theon Alexandrinus see 6aBav 


al-zij al-mu*‘tabar al-Sanjari see cavrlapy, dopadns ovvrakis 


2 Not included are names which occur commonly in connection with calendars, e.g. Arabs, Persians, Romans, etc. 
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ARABIC AND PERSIAN TECHNICAL TERMS 


awwal dovad cf. Tacipyv aovadr 
basita TaciTa 

dag@iq-t hisas taxxaék éoods 
fadl al-dawr cf. Appendix 16 
haylaj aidatl 

hisas éoods cf. dag@iq-i hisas 
ikhtilaf éxrrAHde 

intihd’ ivreé 

kabisa cama 

kaid Kar 

khdssa xara cf. xaooa 

khassa mu‘addal xaooa partad 


khustif yovaotd 

kustif xovaovd 

manzar pavodap 

maqum pakop 

matdala* patadr€ 

marfiis poppoo 

mu‘addal paddr; cf. also khassa mu‘addal 
siat oaar cf. éood caat prot and yratid gaat poér 
ta‘dil-i sd‘at-i riv’ya vratiA oaat poér 
tasyir-i awwal racipyv dover 

sty Snke 

subra Covprpa 


41 








INDEX VERBORUM 


Words without further references are to be found in the Glossary of Technical Terms (p. 6ff.) at their proper alphabetic 
place; otherwise all, or additional, passages are listed under the words after the colon or in an appendix (p. 19 ff.). 


ayadds: Té7ros 

aidarg 

G&kpov: myKos 

add\Anrovxla 

duvdpos: oKoTrevos 

ava 

dvdBacis: poppod; oxid; Tedéw; app. 14 
dvaro\y: mAaros; app. 11, 14 
dvapopa: Toros; app. 4 

dvw: BaOuos; app. O 
dvwuaria: bpbwors 

dvwpuados: idios; app. 10 
dovaX: Tacipny 


am Xovs 
dméyeov: app. 6 
amokaTaoTacts 


apxn: Tacipny 

aredys: Saxrudos; app. 3 

avOnuepvov: app. 1, 2, 15 

dpaipesis: yerkds; évdw; waKkos; app. 7 
apaipa: ava; piyvume 

agérns: aitare 


Baduos 
Bados: may.ov 
Bopecov: app. 8 


yevixés: app, 2, 7, 8, 12 
ypauun: evOUs; maTOS 
ywvea 


Saxrvdos: Kpvyis; BpOwos; oKid; TKLaoua; 
app. 15 

Sevrepos: avdBaois; yerixds; NewTA; MeEpio- 
wos; petakAors; SpOwois; mAaTos; app. 
8, 13 

bia: 666s; app. 6 

duaxpivw; mapodos; app. 6, 7 

Siduetpos: cayita; Tpaxndala 

didoracts: uAKos; app. 11, 13 

diataywyn: cpaipa 

Suapopa: yerckds; uAKos; SpOwois; app. 6, 
7, 15 

5:6pOwars 

SicexTos: Kamwitd; mao.Ta 


éBdouds : Taciphy 

évyyls: uhxos; app. 2, 7 
éyxdows : wAdTos; app. 8 
eigéXNevots : ava 

€xBodXn 

éxxevtpov: bpOwors; app. 6 
Exrerlis: Kovso’m; oKia 
EKTANGL 

Ed\Aauyus: pws 

é\AerWis: wepiocea 
évah\ayn 

€vavioucs: €mcvoa 


€vO 





Evwors 

éfnKkooTa: yevikos; mepiouds ; TAKKaeK Eoods; 
app. 6, 8, 15 

€&io@ 2 onpmetov 

émikuk\Xos: unkos; app. 6 

ETLUNKETTEpOS : uHAKOS; app. 3 

éemipaveca; Saxrvudos 

émovcid 

€roxn: avdnuepivov 

éooa oaar pror 

éoxaros 

evOUs > TOToS 


eUpeois : €xBodn 


ok 
(wi.voy: romos; app. 4, 6 
fovn 


HALcs: xpéovos; app. 1 

Nuépa: KUKXos ; mépos ; uNKoS: SpOwors ; repic- 
geia; oayita; Tacipny; rédeos; Tdtov; 
Tpaxnraia; wpa; app. 9, 11, 12 

Husov: dvaBaois; KkaraBaois 


Odracca THs Sicews: uKos 
Oevédov: SYis; app. 1, 5 
Oewpia: rokov; rpuradvn; app. 4 


Ydios: dtaxpivw; Kivnows; mapodos; mréov Kal 
éX\atrov; app. 2, 3, 6, 10 
ivreé 


Kaipos: TUXN; Opa 

KOLT 

Kavéviov: wpaiov; app. 1, 2, 4, 9 

Kamriod 

kaTraBaors 

kataBarov 

KaTaBiBatwy: Kdutros 

KaTw: Babuos 

kévTpov : weTaBaors; wnKos; app. 1, 2, 3, 5, 6 

Kepkis: a&Kpov 

Kepadarov 

Kkiynua 

kivnots: idvos; wéoos; maTos; xaooa; app. 
ee Seg 

KAHpos : TOTS 

KAiua: Kepadaov 

KOuBos : KOuTros 

KOuTros 

Kovoovp 

Kpatew: Babuos 

Kpivis: Kovcoip; xovto'd 

KUKNLKN tepiodos 

KUkXNos: dvaBaors; bpOwors; mAaTOos; app. 11 

NauBavey: da : 

Nerra: yerxds; Udi0s; pmepiouds; opaipa; 
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Takkaex €ooas; app. 2, 3, 6, 7, 8, 10, 12, 
15 
NoyiCouar 


Ad—wors: wAaTos; app. 8 


uadar 

MaKkou 

MavTad: idios; app. 2 

marae 

Méyas: meTakhio.s; oayita; Tpayndaia 

bepifw: Thpéw 

Mepiopuos: €ood; TaKKaéx é€oods; app. 6 

Epos 

Méoos: avaBacis; Siaxpivw; Koutos; pera- 
KXusis; meHnKOS; mwapodos; YHdos; tYwua; 
wpa; app. 1, 2, 3, 4, 5, 7 

feeTaBaois: app. 5, 15 

meTakNuois: KoOutros; app. 11, 13 

“un Opn wpa: dp0ds 

MynKLoTOS: uAKos; app. 10 

MyKOS: Yywvia; péoos; mréov Kai é€darTov; 
Tomos; wpa; app. 2, 3, 4, 6, 7, 9, 10, 13 

LnV: Tapaporvy 

piyua: app. 3 

puckpos : KUKXOS 


’ 


fotpa: mayiov; maTos; app. 14 
porn 

fopiod 

povépo’r: app. 3 

bmroT: €ood 

pulacrT7 


vaxilaK 

vepeoedns : TKOTELVOS 

vraTin: bpOwors 

vie: wpa 

vuxOnuepoy: diagracis; (wry; Karpos 


656s: diaxpivw; évadd\ayn 

oiknua: TpuTavy 

OAcETLUNKETTEPOS > UHKOS 

6dos: peTaKkALors 

ép9os : mwaTos 

bp0wua 

bpOwors: oTEpEds ; Wepiacera ; GayiTa; TPAXN- 
Aala; app. 1, 2, 3, 6, 7, 8, 9, 12, 14, iS, 
16 

dpos: bpOwors 

bYis: dvdBasis; bpOwors; mréov Kai ENaTTOV,; 


app. 9 


mapad\akis: exTAnPt 
Tapauovy 

mapodcs: diaxpivw 
was: wpa; app. 9 
TAdiTa 


mectodcs : KUKA:K} meptcdos 


— 
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repicceca: €vaddayn; mégos; SpOwois; app. 
1, 2, 3, 16 

repibopa: mepicoea; app. 16 

rintw: wpa; app. 9, 15 

miay.ov 

mi\aros: ywria; paxdu; SpOwois; mréov Kai 
é\arrov; Toros; app. 6, 8, 9, 11, 14 

m\éov kal €XaTTov: avaBacis; avwuados; 

éxtARGt; idvos; SpOwors; app. 6, 7, 10 


mods : TOTOS 


roppw: unKos; app. 3, 7 


Tovs : oKLa 

mpocbapaiperis: SpOwors; app. 6 
mpocbeots : “NKOS; app. 7 
mp@tos: avaPacis; yeviKos; mepiomos; meTa- 


K\uows ; SpOwors; mAaTos; app. 8, 13 
poér: vTarinr 


caaT: €ooa; vraTir 


INDEX VERBORUM 
oayira 

app. 2, 9 

cgeXidioy: kataBarov 


ceAnvn: 


onuciov: bpOwors; app. 14 

oKia: mweTakALo1s 

cKiagua: bpOwars 

oKoTeELvos 

ordo.s: wpa; app. 15 

oTepeds: wakdu; SpOwua; BpOwois; app. 2, 3 
ovvodorarvceXeriakal éviavo.a: é€movoia 
ovvTaiis: (nic; app. 6 

opaipa: avaBacis; karaBaois; Kdurros 


TAKKQEK €ooas 

Tac.pHv 

Trédevos: Saxtvdos; diaxpivw; idvos; pera- 
Bao.s; mdaros; app. 1, 2, 3, 11 

TEAD 

TnpPw 


rotor: app. 4 


TEAWD; POS; 
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ToTos: avOnuepivoy; Oeuédiov; SYis; app. 4 
Tpaxnraia: TeAXd; app. 12, 14 
TpuTayn 

TUXN: TOmos; app. 4 


bYwua: dredns; app. 1, 3, 5 


pas 


idios; app. 2 
xaoca 


xacoa: 

xara: 

xGapuaros 

xovcovp 

xpovos: bpOwois; wepiccera; Tacipyy; app. 
16 

Yndos: péoos 

wpa: bpbwois; app. 9, 15 


wpatoy: app. 9 
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SUBJECT INDEX 


The numbers refer to the pages, Greek words to the Glossary of Technical Terms (p. 6 ff.) 


Abia Ma'‘shar, 32, 36 

addition, év@, wlyvupe 

adjust, duaxpivw, éxrrAHgu 

‘Ala’i zij, uqxos, 23, 27, 31, 32, 39 

Almagest, 4, yexexos n. 2, Sdxrudos, Kepa- 
Aacoy n. 1, wAKos n. 18, 20, 22, pvtacrh, 
bpOwo.s, mAaTOS, okoTEivos, TaKkKaéx, 22, 
23, 25, 26, 27, 31, 40 

altitude, avaBao.s, Ecxaros, tYwua 

anomaly, vécos 

apogees, motion of, 22 n. 4 

Arabic numerals, 5 n. 16 

arc, Togov 

arc of vision, 22 

Aristotle, 31 

ascendant, r’x7 

ascensional difference, 30, 32 

astrolabe stars, 32 

astrological tables, 32, 34 


Brana, 33, 40 

Buchara, wAKos, 31, 39, see also Shams 
ad-Din 

Bullialdus, 3, ujKos, 26 

Byzantium, 22, 31, 39 


Calabria, 31, 39 

catalogue of stars, 31, 32 

chapter, see section 

Chinese calendar, for 1301/2, 35 

circumpolar stars, 29 

cities, see famous cities 

Cod. Laur. Plut. 28,14, ddxrvdros n. 6, 
érovoia n. 1 

Cod. Vat. gr. 185, éoods 

Cod. Vat. gr. 211, Oewédcov n. 2, karaBaors 
n. 1, Kéurros, weradxdors n. 3, cayira n. 1, 
tTpaxnraia n. 3, 31 

Cod. Vat. gr. 212, cayira n. 1 

Cod. Vat. gr. 1058, 4 

column, dAAndovyid, katraBarov, KévTpov 

Constantinople, uaKos, 39 

correction, dpAwars 


Daras, wos, 28, 29, 31, 32, 39 
declination, weraxrrors, 30 
Delambre, 26 

Delatte, 3 

digit, 5axrvXos 

distance, dudoracis, uAKos 
duration, xacpds 


Easter, daxrudos n. 6, 33 

eclipse, xéumos, kovcotd, Kpiyus, oKid, XoU- 
coip, wpa, 28, 31 

Eleutherius Eleus, 32 n. 1 

elongation, xévtpov, weraBacis 

ephemerides, 31, 35 


epicycle, xixXos 
epoch values, 38 
for 1030, 31 
for 1115, 31 
for 1172 Feb. 2, 23 
equation, vrarid, orepeds 
equator, (wyn, KiKXos 
excess of revolution, évad\ay7, dpOwors, 31, 
36 


famous cities, 32, 36 
function of, da 


Handy Tables, 3, ce@adaoy n. 1 
Heiberg, 3, 31 

Hindu numerals, 5 

Hindu, visibility limits, 34 
Honigmann, 3, 28 

hyleg, aihar¢é 


Ilkhani zij, 28, 31, 32 

increment, éxrAAPt, éroveia, repiccera, wréov 
kal €\arrov 

intercalation, xazica 

Isaac Argyros, ddxrudos n. 6 


kaid, xdir, 32, 36 
Kennedy, 4, 31 

ketu, xair, 32, 36 
al-Khazini, 4 n. 6, 33, 40 


latitudes, of fixed stars, 30 

of moon, 23, 28 

of Venus and Mercury, 27 
length of daylight, dvaBac.s, dpa, 28, 30 
longitude, érox7 
lunar eclipse, xovgotd, 30 

of 1295 May 30, 28 
lunar latitude, 23, 28 
lunar mansions, fouvurpa, porn 
lunar motion, 23 
lunar visibility, 22 


Maliki calendar, 31, 32, 33, 35, 36 

mean motion, kivynots, weraBaors 

Mecca, 39 

meridian, xikXos 

Mongol calendar, 35, 40 

moon, longitude for 1254 June 11, 19 
model for lunar motion, 23, 24 
visibility for 1302 Apr. 30, 22 

multiplication table, sexagesimal, 36 

Mu'tadid calendar, 32, 40 


nebulous, cKxore.vés 

nodes, Kéu7ros 

numbers, notation, 4, 5, see also Arabic 
numerals, Hindu numerals 
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oblique ascension, uHKos, Témos 

parallax, dvdBaois n. 3, dvwpados, ywria, 
extrAHgt, tdios, Bis, mr€ov kai edarrop, 
28, 29 

Persian tables, daxrvdos n. 6, wHKos 

Persian years, 23, 31 

planetary tables, 26 

pole, dxpoy 

product, povdpotr, rnpa 

Ptolemy, see Almagest 


radix, deuédov 

red and black writing in ephemerides, 35 
right ascension, ev@eia ypauuy 

rising azimuth, 29 

rounding of numbers, Aoyifouat 


Samps, see Shams ad-Din 

Sanjari zij, 4, wAKos, 27, 29, 30, 31, 32, 35 
40 

Satanas, 40 

Saturn, longitude for 1254 June 11, 20 


, 


section, kepddarov 
sexagesimal multiplication table, 36 
shadow, oxid 
Shams ad-Din, wjxos, 28, 32 n. 10, 32, 33, 
35 
signs, positive and negative, 27 
sine, Tpaxndala 
solar eclipse, xovco'd 
of 1296 Oct. 28, 28, 29 
of 1376 July 17, 1379 May 16, 1386 
Jan. 1, daxrvdos n. 6 
sphaera recta, evdela ypauun 
Stamires, 11 
starter, aidar¢ 
Stephanus Alexandrinus, 3 
sun, longitude for 1296 Apr. 15, 19 
Suter, 32 n. 10 


Tannery, 3, 31 

Theon Alexandrinus, @aBav, 29, 34, 40 
Tibene, piHKos 

tropical year, 31 

at-Tisi, 40 


Uighur calendar, 31, 35 
Usener, 3 


visibility limits, tpurayn, 23 


year, xpovos 
tropical, 31 


zero, 5 





